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RANDOM ELEMENTS IN THE FORMULATION AND EXECUTION 


OF FOREIGN POLICY 


PHILIP C. JESSUP 


United States Ambassador at Large 


(Read October 26, 1950) 


Ir 1s probably an undesirable practice to have 
titles for lectures such as this. The title rarely 
helps the listener to understand what the speaker 
wishes to say. Certainly, the title should not be 
written until after the speech is completed but in 
this case the exigencies of programming and other 
obligations necessitated selecting a title first. As 
you will readily detect, this title was selected with 
a view to allowing considerable latitude in the 
content of the remarks which would be made un- 
der it. I shall be very frank in exercising such 
latitude and will not aspire to Humpty Dumpty’s 
dictatorial mastery over words to make the title 
and the body of the address conform. It may 
very well be that you will conclude that it is the 
thoughts and not the elements which are random. 

I do want to emphasize that I am not propos- 
ing to argue which elements in the formulation 
and execution of foreign policy are random or 
capricious and which are fundamental or con- 
stant. In effect, | propose to suggest for your 
consideration some of the elements which actually 
enter into the situation and to which perhaps at 
times insufficient attention is directed. If apology 
be due for this somewhat disorganized approach 
to the subject matter, I beg to submit my apology 
herewith and to proceed untrammeled by any 
semantic servitude. Nonetheless I shall return 
later to the power of words as one of the random 
elements. 

It might be convenient to begin with the defini- 
tion of foreign policy but definitions can be as 
misleading as titles. I have never been able to 
bring myself to consider a definition sacred even 
though it is printed in a book as big as a diction- 
ary. As Judge Cardoza said of definitions of law, 
if the result of a definition is to make facts seem 
to be illusions, “so much the worse for the defini- 
tion; we must enlarge it till it is broad enough to 
answer realities.” 

I have, however, recently seen this definition 
of foreign policy: “Our foreign policy is the sum 
total of the aspirations and reactions of the Amer- 
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ican people, as channeled up through the execu- 
tive branch of the Government and through Con- 
gress.” The same statement wisely went on to 
say that foreign policy is necessarily fluid. “By 
its essential quality it is neither static nor the con- 
scious decision of one man or one group of men. 

Some problems cannot ever be permanently 
‘solved.’ ” 

The very adjective ‘foreign’ has been suffi- 
cient in periods of our history to damn the noun 
to which it was attached. The only exceptions 
have been the committees of the Senate and 
House which deal with “Foreign Relations” and 
“Foreign Affairs.” Dr. Nicholas Murray Butler 
used to argue vehemently that these titles should 
be changed to “International Relations” and “In- 
ternational Affairs” in order to cut the psychic 
fringe from the word “foreign” in the American 
mind. 

In any case, foreign policy used to be con- 
sidered a mysterious and esoteric thing. Nowa- 
days everybody is an expert on it. This in itself 
is excellent. Many of the “experts” misunder- 
stand and misrepresent but they are interested 
and sometimes interesting. The real danger 
comes from popular indifference. That indiffer- 
ence has largely been swept away by the realiza- 
tion that foreign policy has to do very intimately 
with a vast number of questions which closely 
touch the lives of people in this country as in all 
other countries. 

It is neither easier nor more difficult to explain 
what foreign policy is than to explain what do- 
mestic policy is. Our domestic policy in any 
period includes an enormous range of subject 
matter, from taxes, social welfare, labor, to con- 
servation, crime, commerce, and agriculture. 
Foreign policy takes into account all these and 
many other problems. As Mr. Acheson recently 
stressed it “is not a disembodied thing.” 

It is helpful to bear in mind the difference be- 
tween general and particular policies. As Mr. 
Justice Holmes used to say, “General principles 
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do not decide concrete cases.” It is a general 
foreign policy of the United States, for example, 
to support the United Nations. This general 
policy alone does not provide automatic answers 
although it is a helpful guide. It was certainly a 
guide to the decisions made on June 25 regard- 
ing Korea. But since the scope of activities of 
the United Nations also covers practically every 
human endeavor, particular policies must be for- 
mulated and carried out in regard to special 
propositions. 

In a preliminary way I should like to point to 
certain elements in the formulation of foreign 
policy which are perhaps quite obvious but which 
should not for that reason be ignored. 

In the formulation of foreign policy one must 
start with a body of information or knowledge. 
The breadth and scope of this necessary body of 
knowledge is really staggering. It covers practi- 
cally the whole range of subjects included in the 
Social Sciences. It must comprise a blending of 
historical, political, economic, sociological, psycho- 
logical, and other factors. In many instances 
military elements may be of the highest impor- 
tance. It must have its roots in history, be eco- 
nomically sound and politically feasible. Some 
one has said that “Politics has been described 
as the art of the possible. To broaden the area 
of the possible is the art of statesmanship.” Politi- 
cal feasibility involves not only the international 
scene but an appreciation of domestic factors such 
as Congressional attitudes which in turn may re- 
flect trends in American public opinion. In ap- 
praising the attitudes of foreign governments, 
public opinion trends in those countries must also 
be taken into account. If statesmanship is to 
broaden the area of the possible, it may need to 
influence public opinion. The execution of the 
foreign policy of any government includes this 
task. 

The geographical range of the body of knowl- 
edge in question must also be practically global. 
Even if the policy to be formulated is primarily 
bilateral in character its effect may be felt in many 
other quarters. These considerations must be 
weighed. 

The body of knowledge may be utilized either 
as bricks from which a structure is gradually 
built or as laboratory apparatus in which an 
idea is tested. 

Since omniscience is not a quality vouchsafed 
to man, it is not a human possibility to cover 
every situation in advance by a neat specification 
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of action to be taken in every contingency which 
may subsequently materialize. 

What one can say is that general long-range 
policy must come first and particular policy must 
be consistent with it. The special train must run 
on the same tracks which carry the regularly 
scheduled traffic. 

Similarly, in coming to the question of the ex- 
ecution of foreign policy there is no such thing 
as omnipotence. We do not even aspire to a 
position in which we ourselves could make the 
foreign policies of all other friendly governments. 
It is fortunate that this is so. History is replete 
with the tragedies caused by those who have 
sought for omnipotence in making their will or 
policy prevail throughout the world. While the 
limits on the power to execute policy should be 
obvious, they are often overlooked with the con- 
sequence that impossibility is sometimes confused 
with incompetence or indecision. These unhappy 
elements may undoubtedly appear in any human 
operation but they cannot be assumed, much less 
proved, by the fact that something is not done at 
a particular time in a particular way. 

One of the occupational hazards of diplomacy 
is that details of negotiations cannot be published 
from day to day. One of our ablest contemporary 
journalists has said that there is an “area of 
secret information where the reporter’s job is to 
disclose and the responsible official’s job is to 
conceal.” I would not dare to speak on the re- 
sponsibility of journalists, but it is true that those 
officials having to do with the formulation and ex- 
ecution of foreign policy have a responsibility for 
keeping secrets. Indeed, our statutory law makes 
it a criminal offense for them to disclose certain 
information. 

The problem is to reconcile this responsibility 
with the companion duty which rests on govern- 
ment to keep the people informed. Secretary of 
State Acheson has well said that “The inherent 
strength of our system is the responsiveness of 
the Government to an informed and critical public 
opinion. It is precisely this informed and criti- 
cal public opinion which totalitarian governments, 
whether Rightist or Communist, cannot endure 
and do not tolerate.” 

The reasons why it is important not to disclose 
all details of information affecting foreign policy 
are easily understood. A large part of the execu- 
tion of foreign policy involves a process of nego- 
tiation. Negotiation is in turn a process of ad- 
justment. If one begins a negotiation by publish- 
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ing in the press all of the details of one’s positions 
and the reasons for those positions one obviously 
loses advantage. This is common to all types of 
negotiation whether in business or in any other 
field. There is an added element in a diplomatic 
negotiation that if one begins by announcing all 
desirable conditions and then in the course of 
negotiation finds it necessary to yield on certain 
points in order to get agreement on the main 
principles, one is likely to arouse a popular feel- 
ing that there has been a surrender. 

I would not like to leave the impression that 
diplomatic negotiation is merely a process of bar- 
gaining as if one were engaged in horse trading. 
I would re-emphasize the point that it is the prob- 
lem of adjustment and reconciliation of some- 
times conflicting interests which is involved. The 
need for such adjustment is one of the factors 
which could be eliminated only by the omnipotence 
which does not exist. It is also frequently true 
that a government with whose representatives 
negotiations may be carried on, finds it necessary 
to consult its parliamentary leaders before making 
an agreement firm. They must be allowed to dis- 
close, explain, and persuade as they think best. 
Premature disclosure by the other party to the 
negotiation may well prejudice making those 
domestic adjustments which are frequently as im- 
portant as the international adjustments. 

There is another important aspect to this prob- 
lem. Much of the international negotiation 
which takes place today is carried on multilater- 
ally. This process is particularly essential in the 
operations of the United Nations. There one is 
involved in a broad consultative process. Most 
of the important resolutions which are passed by 
the General Assembly of the United Nations, for 
example, are the result of joint drafting or else 
reflect numerous suggestions incorporated after 
ascertaining the views of many delegations. It is 
physically impossible to consult everyone at the 
same moment. The only way in which a kind of 
simultaneous consultation could be achieved 
would be through the submission of a text to 
the Assembly or one of its committees without 
prior discussion. This in effect would be the 
negation of the consultative process. It is fre- 
quently necessary to consult on the representative 
principle in the sense that discussions with one or 
more delegations may elicit the views of a group 
of delegations which work closely together. This 
consultative process is inevitably hampered and 
may be totally frustrated by premature disclosure 
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which antedates consultations which are about to 
take place. 

The first of Wilson’s Fourteen Points reads as 
follows: 


1. Open covenants of peace, openly arrived at, after 
which there shall be no private international 
understandings of any kind but diplomacy shall 
proceed always frankly and in the public view. 


Wilson himself did not follow this precept 
literally at Paris. The complaints about the 
secrecy of the meetings of the Big Four were of 
the usual intensity. The Fourteen Points were 
stated in President Wilson’s speech to the Senate 
on January 8, 1918. By September 27 of that 
year, Point One had been reduced to its essen- 
tials in an address opening the Fourth Liberty 
Loan Campaign, “.. . all international agreements 
and treaties of every kind,” President Wilson 
said, “must be made known in their entirety to the 
rest of the world.” He was striking at the his- 
torical evil of secret treaties of alliance. It was 
only this residue that was incorporated in Article 
18 of the Covenant of the League of Nations and 
remains in Article 102 of the Charter of the 
United Nations. Article 18 of the Covenant de- 
clared that no treaty was binding until registered 
with the League. An abundant and learned litera- 
ture of legal comment upon this article attested 
more to the novelty of the provision than to its 
lack of clarity. The Charter provision ingeniously 
takes care of the technical problems raised by the 
Covenant but scrapes even more paint from the 
picture Wilson first painted in such broad strokes. 
Article 102 of the Charter requires registration 
of treaties and agreements, but as a sanction for 
non-compliance prevents a party to an unregis- 
tered treaty from invoking it before any organ of 
the United Nations. This is sensible and practi- 
cal but it is not at all the same principle of inter- 
national ethics to which Wilson first aspired. 

I doubt the validity of his original principle. 
Secret negotiations are not in themselves noxious. 
The parental conspiracies at Christmas time 
make the practice familiar to us in our childhood. 
Secret societies are inevitable and perhaps take 
firm hold on the youthful imagination almost as 
soon as the Santa Claus myth has been discarded. 
An engagement to marry is usually in modern 
days the result of a secret negotiation ending in 
an agreement which for a time at least is often 
secret. Similar lack of publicity characterizes 
business negotiations. The deliberations of a jury 
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in determining their verdict and the consultations 
of a bench of judges before judgment is pro- 
nounced, are secret processes. When it is neces- 
sary to reconcile divergent views between our 
Senate and House of Representatives, a Confer- 
ence Committee is appointed; such a committee 
meets privately and its discussions are not dis- 
closed. 

It is also necessary to recognize that there are 
numerous international situations in which the 
attitude of one or more governments requires that 
other states which are like-minded shall discuss 
certain matters among themselves privately and in 
such a way as not to disclose their views to those 
governments which do not share the same general 
approach. 

It would be wholly unreal and actually harmful 
to have all “diplomacy . .. proceed . . . in the 
public view’ as Wilson first suggested. I can 
think of few changes in the normal processes 
which would cause more irritation, friction, and 
controversy. 

Historians, for whom as a class and, within the 
limits of my acquaintance, as individuals, I have 
the greatest respect, tell me it is erroneous to lay 
much stress on the individual as a determining fac- 
tor in history. I bow to their authority but I am 
not convinced. Since they are the authors of the 
books I read about events of which I have no 
personal knowledge, I find little direct written evi- 
dence to sustain my own belief that the individual, 
or what I shall call the human element, is far from 
inconsequential. My belief is based perhaps too 
much on personal observation which is admittedly 
limited and may be faulty. Many current state- 
ments which one reads and hears and which may 
not unfairly be suspected of a certain political moti- 
vation, go so far as to suggest that great historical 
happenings are entirely due to the influence of a 
single man. Such statements as I have in mind 
are not, however, intended to be flattering and 
they seem to have in common the assumption that 
it is only undesirable and never desirable results 
which are thus to be attributed. 

Perhaps it should be noted that history is of 
course more than the sum of a certain number of 
foreign policies. Yet policies as executed affect 
or produce events. 

Perhaps also there is a difference between the 
“course of history” as examined in broad historical 
retrospect and a simple sequence of events. But 
all historical happenings were at one time con- 
temporaneous or, as we now commonly say, cur- 
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rent events. If it should happen that the present 
government in the United Kingdom were one 
day replaced by a government of another party, 
one might observe the effect of such a change upon 
some aspects of United Kingdom foreign policy, 
With the small margins appearing in divisions in 
the House of Commons, a covey of germs with 
partisan proclivities could bring about such an 
overturn. The narrow balance between parties 
may no doubt be due to long-range factors but a 
change in government might be due to the good 
health of Conservative Mr. A. and Mr. B. and to 
the illness of Labor Mr. X. and Mr. Y. I shall 
not trespass further upon the field of speculation 
which Hans Zinsser opened so invitingly in Rats, 
Lice and History. 

Does this mean that history is just happenstance ? 
Certainly not. But if I were forced to choose be- 
tween the law of chance and the law of determin- 
ism, I would choose the former. Fortunately, 
such clear black and white choices are rarely pre- 
sented and do not arise in this case. I only want 
to make it clear that I am not arguing for a horse- 
shoe-nail interpretation of history. 


I have referred to the power of words as a ran- 
dom element in the formulation of foreign policy. 
The difficulty of translating thoughts into words 
is common to most human activities. A great deal 
of the litigation in our courts is concerned with 
the solution of problems that arise because of disa- 
greement as to the meaning of words. The added 
difficulty which appears in the execution of foreign 
policy is the necessity of translating thoughts into 
the words of several different languages. The 
problem of simultaneous comprehension when a 
representative of another country is speaking in 
his own tongue has been strikingly reduced in the 
United Nations and elsewhere by the remarkable 
developments in the skill of translators and by the 
mechanical devices for simultaneous translations. 
The care with which on important occasions trans- 
lations are checked is due to the dangers which 
arise from an inaccurate rendering. 

The difficulty is sometimes practically insur- 
mountable when one language does not offer the 
equivalent of the shades of meaning of another 
or when the speaker indulges in local slang or 
puns. President Roosevelt’s impressive listing of 


the Four Freedoms lost in translation the effective- 
ness of the original concept and presentation be- 
cause in practically no other language is it possible 
to speak about “freedom of” and “freedom from.” 
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At a recent international meeting the interpreters 
were thrown into mental convulsions by an at- 
tempt to render into French and Russian a jocular 
use of the Hollywood expression “include me out.” 

When the Charter of the United Nations was 
being drafted at San Francisco a tremendous 
amount of effort was devoted to making exact the 
multilingual wording of the original text. This 
was one of the first occasions on which an im- 
portant international document had to be prepared 
in five texts of equal authenticity, namely, Chinese, 
French, Russian, English, and Spanish. Language 
teams, including persons entirely familiar with the 
substance as well as with the languages concerned, 
worked constantly to produce identical texts in 
the various tongues. Illustrative of the difficulty 
was the attempt to translate the word ‘“‘trustee- 
ship.” This is an Anglo-American legal concept 
which is not precisely paralleled in the Roman 
Law or in the subsequent civil law systems or in 
other legal systems. The French word finally se- 
lected to represent “trusteeship” in the French 
text of the Charter, for example, actually has a 
quite different meaning in French legal termi- 
nology. The same difficulty had previously been 
found in preparing the Covenant of the League 
of Nations and throughout its life certain dis- 
crepancies between the French and English texts 
caused difficulty. For example, a certain amount 
of argument arose over Article 21 of the Cove- 
nant. Some asserted that this article was an ex- 
press recognition that the Monroe Doctrine was 
established as international law. The English 
text on which this argument was based said “‘Noth- 
ing in this Covenant shall be deemed to affect the 
validity of regional understandings like the 
Monroe Doctrine.” The French text on the other 
hand more accurately reflected the intention of 
the drafters as revealed in the legislative history 
and would more clearly be rendered to read 
“... regional understandings like the Monroe 
Doctrine . . . are not considered to be incon- 
sistent with any of the provisions of this Cove- 
nant.” 

Some times the greatest difficulty arises when 
the conferees are reasonably, although not com- 
pletely, bilingual and therefore dispense with 
translations. On such occasions serious misun- 
derstandings may arise. For example, the word 
“eventual” may be used by an American to indi- 
cate that something will ultimately take place. If 
instead of an accurate translation of the thought 
there is a phonetic transposition into the French 


FORMULATION OF 


FOREIGN POLICY 97 


word which has the nearest sound, namely “éven- 
tuel,” the sense is that something is contingent or 
uncertain. Examples of this type of error in the 
common experience of American innocents abroad 
are too frequent to justify laboring the point. 

Even within the four corners of a single lan- 
guage, it is fascinating to speculate on the magic 
of words. When they are spoken, intonation and 
personality and a resonant voice may carry a con- 
viction which the words themselves lack. Dr. 
Melancthon Wolsey Stryker, the President of 
Hamilton when I was a student at that admirable 
small College, used to say that he could sway an 
audience to laughter or to tears at his choice by 
merely repeating the alphabet—an oration without 
words. I believe he could. Some modern poetry 
and even prose seems to be based on a com- 
parable theory. In general, however, the written 
passage must rely on the use of words. The his- 
tory of diplomacy is full of examples of evasive 
agreement finally achieved when the magic for- 
mula in words was finally produced. 

Both the formulation and the execution of 
foreign policy in a democracy are necessarily re- 
lated to the element of politics. Politics may in- 
deed stop at the water’s edge but that “wave-beat 
shore” will already have been battered by rollers 
which reverse the process of nature and come 
from landward before the policy reaches the 
mean-low water mark. Fascinating as is the study 
of this element, I shall be valorously discreet and 


leave its exposition to others or to some other 
time. 





There is a psychological curiosity which may 
be a trade secret but which I shall venture to men- 
tion. It has to do with the difference between 
the formulators and the executors of foreign policy. 
Normally policy is formulated in the State De- 
partment or Foreign Office and executed by some- 
one serving in what is euphemistically known as 
“the field.” In our service, as in that of other 
governments, personnel is transferred periodically 
from Department to field and from field to De- 
partment. Despite the admirable system which 
exists for intercommunication, the man who is 
serving two or three thousand miles away from 
home base inevitably lacks the steady flow of in- 
terchange of detailed information which is avail- 
able to his colleagues at home. He may on oc- 
casion plaintively comment upon the fact that he 
has not been posted on all the details which would 
be useful to him. But the same individual upon 
being transferred to Washington where he is 
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charged with the duty of informing his successor 
abroad, rapidly falls into the habit of overlooking 
the fact that the man at a distance has gaps in his 
information. Similarly the delegate at an inter- 
national conference may get in the frame of mind 
of feeling it is unnecessary at midnight after a 
long day of negotiation to pass on to those at home 
all of the flavor which seasons his thinking on a 
current issue. This rapid shift in mental attitude 
is no unique peculiarity of United States personnel. 
I have been interested to observe the same mani- 
festations among many nationalities. 
ture to say it is quite general. 

There is one other curiosity in terms of different 
individual approaches which may be mentioned. 
In modern times international conferences are 
called not only to deal with questions of what is 
commonly called “high policy” but also to deal with 
the vast variety of practical and specific details. 
Many of these matters are extremely technical. 
Representatives of the United States attended a 
total of 269 international conferences during the 
year 1949. One conference may concern the al- 
location of radio wave lengths, another malaria 
control by the World Health Organization, an- 
other the carriage of mails, and so on. The repre- 
sentative at the conference must frequently be 
chosen from among persons who are technically 
expert in the particular field. Such persons may 
have had no acquaintance with the general scope 
of foreign policy. They may be officials of any 
one of the departments of the United States Gov- 
ernment other than the Department of State. 
Again this is not peculiarly a United States prob- 
lem. One observes over and over again that 
agricultural, financial, medical, or other repre- 
sentatives of governments may reach conclusions 
which are entirely sound technically but which, 
quite unbeknownst to the delegates, conflict with 
some general policy. The problem posed here for 
all governments is one of internal administrative 
coordination but it represents a genuine difficulty 
in the execution of foreign policy. 


I would ven- 


In the execution of foreign policy one of the 
interesting elements of recent times has been la- 
belled by Dean Rusk “Parliamentary Diplomacy.” 
This term designates the currently normal prac- 
tice of negotiating in a forum such as an organ of 
the United Nations. Parliamentary diplomacy is 
different from the traditional conference diplo- 
macy. In the relatively new parliamentary type 
of conference, there are two features which dis- 
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tinguish it particularly from the old type of in- 
ternational conference. The parliamentary con- 
ference has a sense of continuity derived from its 
being a part of a permanent organization, such 
as the United Nations. It also has the democratic 
character of acting generally through majority 
votes. In power and in function, it still lags be- 
hind the poet’s dream of a “parliament of man.” 
In structure, organization and operating proce- 
dure, it resembles national legislative assemblies. 

The traditional conference indeed has a chair- 
man and often organizes itself in committees. 
These committees frequently act by majority vote. 
But normally the conferees expect the conference 
to end in a treaty which is subject to ratification 
before it is binding. Since ratification is optional, 
the signature of the treaty, which represents the 
climax of the conference, is only a step in a longer 
process. Signature is by no means an insignificant 
step and may represent the actuality of inter- 
governmental agreement; it may be known in ad- 
vance that the necessary congressional or parlia- 
mentary approval, where required, will be forth- 
coming. Even so, there is a great difference be- 
tween the traditional type of conference proceed- 
ings and that which culminates in, let us say, a 
resolution of the General Assembly of the United 
Nations. The extraordinary developments which 
have taken place in the character and procedure 
of international conferences during the last thirty 
years have contributed to the acceptance of the 
type of international parliamentary action which 
we now observe in the organs of the United Na- 
tions. Resolutions of the General Assembly are 
not technically binding but they have great weight. 
They are developing even greater influence than 
the resolutions of the Inter-American conferences 
which were, in a sense, practical substitutes for 
treaties. Approval of a resolution constitutes a 
type of governmental commitment which cannot 
be disregarded. Even without the type of commit- 
ment which flows from an affirmative vote, reso- 
lutions of the General Assembly now are so im- 
portant that they simply cannot be ignored by 
governments. 

The General Assembly or one of the Councils of 
the United Nations, like the Senate or House of 
Representatives or other national parliamentary 
body, operates under well-established rules of pro- 
cedure. Procedural disputes are not infrequent. 


The world became painfully aware of this fact 
during the much publicized sessions of the Se- 
curity Council in the month of August. Generally 
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debate is unlimited, but the ruies of the General 
Assembly do provide for limitation of the length 
of speeches and for closure. Motions to adjourn 
or to postpone the debate may be made and have 
a preferred status. Several Amendments to a 
pending resolution may be offered and the usual 
parliamentary difficulties appear in determining 
the order of voting on them, the distinction be- 
tween amendments and substitute motions and the 
like. 

The procedure is enormously complicated by 
the fact that it is still too new to have built up the 
material for a Hinds’ Book of Precedents. More- 
over, the procedures, their application and their 
interpretation, reflect a great variety of national 
parliamentary practices which differ materially one 
from the other. For example, the rule that a mo- 
tion is not open for debate until it has been sec- 
onded is by no means universal and is not fol- 
lowed in the General Assembly. Discussion fre- 
quently turns on the problem of determining 
whether a delegate’s remarks constituted a “‘mo- 
tion” or merely a “suggestion.” The practice of 
adjustment and reciprocal familiarization over a 
period of years has helped to eliminate misunder- 
standings but they are still the source of numerous 
unnecessary procedural squabbles. The field is 
still open for an international or United Nations 
edition of Robert’s Rules of Order. 

The chairman’s personality and skill has much 
to do with the successful functioning of the body. 
He has power and it is true in the United Nations, 
as in other assemblies, that the gavel can be 
mightier than the tongue. The chairman has one 
unique weapon at his command in the General 
Assembly, as the President of that body demon- 
strated last year when he announced that if he 
called a delegate to order and the delegate failed 
to comply with his injunction, amplifying and 
translating facilities would be immediately cut off. 

I mention these details for the purpose of stress- 
ing the point that a delegate to a United Nations 
conference needs to practice the arts of both the 
negotiator and the parliamentarian. There is a 
right and a wrong time to introduce amendments, 
to continue the debate, or to adjourn. The vote 
on an incidental procedural question may forecast 
the vote on a point of substance. The trend of 


FORMULATION OF 


FOREIGN POLICY 99 


opinion and of feeling must be kept under con- 
stant review. 

Observation, or a study of the records, reveals 
that there is no “mechanical majority” in the 
United Nations General Assembly although there 
is a bloc of five votes which unfortunately fre- 
quently merits the term “mechanical minority.” 
The process of adjustment of views is continuous 
and it is rare indeed to find a resolution passed in 
exactly the same form in which its sponsor origi- 
nally conceived it. What appears as the “majority 
view” expressed in the count on a proposal, is the 
product of negotiation, compromise, and accom- 
modation among delegates whose political philos- 
ophy permits that kind of an approach to the solu- 
tion of problems. The “mechanical minority” is 
a product of self-imposed isolation and of a stub- 
born refusal to adjust its aims to the realities of a 
live and let live world. 

It is worth emphasizing some of these aspects 
of parliamentary diplomacy because nowadays the 
action of an international body or conference fre- 
quently represents the execution of a foreign 
policy. This is true even though such an action 
in turn requires further executory steps over the 
years. Accordingly, the various problems of 
parliamentary diplomacy need to be kept in mind 
in both the formulation and execution of foreign 
policy. 

I am afraid you will by now be tempted to 
quote Scripture to me and say with the writer of 
Ecclesiastes, “Let us hear the conclusion of the 
whole matter.” 

The conclusion I should like to leave with you 
is broader and deeper than the random elements to 
which I have referred. I shall state it very 
briefly. 

Foreign policy is influenced by both heredity and 
environment. No one concerned with United 
States foreign policy is free to act without refer- 
ence to the past. He would be a fool to ignore the 
future. He never can escape the present. 

The essential task in both the formulation and 
the execution of foreign policy is to meet the 
problems of the present with knowledge of what 
has gone before and in the effort to produce in the 
future what man has never yet enjoyed—just and 
lasting peace. 











IS WESTERN CIVILIZATION DISINTEGRATING OR RECONSTITUTING? 
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Professor Emeritus of Anthropology, University of California; 
Visiting Professor of Anthropology, Columbia University 


(Read October 27, 1950) 


It 1s possible to conceive civilizations as being 
each constituted to a considerable extent by an 
assemblage of styles and as being specifically char- 
acterized as to their particularities by these styles. 
A style, in turn, is a self-consistent way of behav- 
ing or of doing things. It is selected out from 
among alternatively possible ways of doing. And 
it is selective with reference to values; that is, 
the things the style does and the way it does them 
are felt by the doers as intrinsically valuable—they 
are good, true, beautiful, pleasing, or desirable in 
themselves. 

This most characteristic part of civilizations, 
which we may call value culture, is not their only 
component. There is also what may be called 
reality culture, concerned with finding out, master- 
ing, and directing nature—and sometimes master- 
ing and directing fellow men as well. Technology, 
the useful arts, ways of successful practical living, 
are the avenues by which reality culture is ex- 
pressed. There is a third component, social struc- 
ture and relations, which in principle might be 
thought to be independent of the rest of civiliza- 
tion or culture, because it also occurs well de- 
veloped among cultureless, non-symbolizing ani- 
mals, especially the social insects. But since 
human societies always operate with symbols and 
thus possess culture, their social structure and re- 
lations are channeled into variable cultural forms 
instead of being constant, autonomous, and mainly 
hereditary. Social culture is therefore, in man, 
always interwoven with value culture and reality 
culture. Anthropologists generally see it as such. 
Sociologists tend to see the same set of phenom- 
ena, namely social culture, as “society,” something 
abstracted from culture and underlying it—as 
divorced from the remainder of 
anthropologists would say. 

Within any one civilization, the various styles 
constituting its value component not only coexist 
in the same society, region, and period; they 
also tend toward a certain consistency among 
themselves. If they were not inter-consistent at 
first, as might well be the case, owing to some of 





culture, most 


them having been introduced from the outside 
in the frequent hybridizing to which cultures are 
subject, the styles would nevertheless tend to be- 
come more consistent as they remained associ- 
ated. This assumption seems validated by the 
simple consideration that consistent and coherent 
civilizations would on the average work out better 
and get farther, and presumably survive better, 
than inconsistent ones dragging on under mal- 
function and strain. 

It is in their reality ingredients that civilizations 
chiefly show the quality of accumulativeness which 
has been noted as one of the properties that dis- 
tinguish human cultural development from sub- 
human organic evolution. Technological activities, 
while not unmitigatedly accumulative, are more 
accumulative, on the whole, than other parts of 
culture. By contrast, a value activity, such as a 
fine art, a philosophy, or a science, contains a 
creative ingredient. As long as it retains this, 
it is prevented from repetitiousness. It tends first 
to develop and progress, even though it later de- 
generate and die. An art or a philosophy moves 
on; it cannot continue to spin on a pivot. Those 
more trivial styles which we call fashions, as in 
dress, change with particular rapidity. Not ex- 
pressing or achieving much of intrinsic value sig- 
nificance, they lack the full rise and fall, the 
consistent growth curve, of greater styles; but 
they are even more restless in the profile of their 
movement. 

The more creative activities of civilizations thus 
are imbued with change in their very nature. 
To each such activity there corresponds, at any 
given time, a style, a bundle of manners and 
qualities all its own. The style successively forms, 
develops, matures, decays, and either dissolves or 
atrophies into a dead petrification—unless it has 
previously budded into a new style. The one thing 
a style does not do is to stand still. Styles are the 
very incarnation of the dynamic forms taken by the 
history of civilization. They are the most sensi- 
tive expression extant of cultural change—its 
most delicate galvanometer. 
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As to the causes of styles, we know very little. 
Obviously, the causes of qualities and values are 
going to be difficult to find. At best, we can do 
little more than describe the circumstances amid 
which a style forms. From there on, however, 
the story of the career of a style has unity. Its 
history usually possesses an internal self-con- 
sistency proportional to the discriminateness of 
the style itself. A style definite in its themes, its 
manners, its affects, can be expected to run a 
definite course. Its successive stages we tend to 
describe in terms like groping, growth of control, 
full power, slackening, dissolution; or, again, as 
formative, developing, climactic, over-ripe, de- 
cadent. 

When we possess enough examples of an art, 
and adequate information as to the time sequence 
of its individual products, a newly discovered speci- 
men within the style, say an anonymous or hither- 
to unassigned example, can normally be dated 
within a half century, and often within a decade 


or two. This is possible on the basis of two 
things. First, the specific quality of the piece in 


question, and second, the recognized flow of suc- 
cessive qualities within the style. This ability of 
experts to agree in assigning its place in the style 
to any object holds for Mediaeval sculpture, for 
Renaissance and modern painting, for five or six 
centuries of European music, for Greek vases 
and poetry, for Chinese painting. Such dating is 
in a sense prediction: we predict what the date 
will turn out to be when all the facts are in. The 
whole procedure certainly implies that a style has a 
one-way course. 

Equally convincing, as to the compulsive 
strength of style viewed as a course, is the long- 
recognized clustering of great men in time-limited 
constellations within each civilization or national 
sub-civilization. This clustering certainly is as 
conspicuously true for intellectual as for aesthetic 
creativeness. Looking for cause, one can here ar- 
gue indefinitely in a circle. Is it the greatness of 
geniuses that causes a style to come into being, 
such as the geniuses need to express themselves ? 
Or does the growth of the style evoke successively 
greater geniuses until the culmination is reached— 
after which there is increasingly less left for tal- 
ented individuals to do within the confines of the 
style? Yet as soon as we leave off the vain effort 
of tracking down the original or ultimate cause of 
the phenomenon of clustering, and concentrate on 
its recurrent generalized form or pattern, it is an 
indubitable fact that genius occurs preponderantly 
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in conjunction with the developmental courses of 
outstanding styles within successful civilizations. 

As for one-wayness, a true style does not travel 
so and so far and then retrace its steps; nor does 
it suddenly go off into a random new direction. 
The tendency is very strong for its direction not 
only to persevere up to a culmination, but to be 
irreversible. At its culmination, a style is utilizing 
its potentialities to their utmost. A bit of reflec- 
tion shows that this quality of irreversibility is 
really implicit in most of our formulations of what 
style is, provided only we let ourselves conceive it 
as flowing in time, as it normally does flow. 

It is because of this one-wayness of growth that 
we often speak of the history of a style as if it 
were a life history. It is also why a concrete exem- 
plification taken from one style, such as Greek 
sculpture, of what is meant by terms like ‘archaic 
severity” or “primitive stiffness,” or by “‘increas- 
ing freedom of control” or ‘full liberation”—why 
such an illustration often suffices for us to recog- 
nize a corresponding stage of development in a 
wholly different art. Qualities such as flamboyant, 
over-ornate, Churrigueresque, Rococo, which were 
first defined as characteristic of particular develop- 
mental phases of Gothic and Renaissance archi- 
tecture, can at times be applied with aptness to 
analogous phases in literatures, or in decorative 
and applied arts, or in music. Again and again 
we find in diverse arts a similar course beginning 
with restraint, attaining balanced mastery, and 
ending in luxuriance, conscious emotionality, ex- 
tremity, and disintegration. 

Let us now proceed to examine how far the 
special stylistic quality of irreversibility attaches 
also to civilizations, which we are construing as 
consisting at least partly of more or less coherent 
associations of styles. Or again, conceivably, 
whole civilizations, being so much larger phenom- 
ena than styles, may possess special properties 
leaving room if not for outright reversibility, at 
least for divertibility into new directions. 

The idea of “direction” is fundamental in this 
inquiry because we are examining civilizations 
not as static objects but as limited processes of 
flow in time. 

Greek civilization probably tends to serve as 
our archetype when we think generically about 
civilizations and their direction. The Greek civili- 
zation was sharply characterized, high in creative 
power, brief in duration. To an unusual degree, 


almost all the activities of Greek civilization cul- 
minated nearly simultaneously, and at least over- 
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lappingly, within a mere three centuries. The 
course of this civilization is therefore particularly 
like that of a style. It unrolls like the consistent 
plot of a drama. Consequently it suggests strongly 
the quality of irreversibility. And irreversibility, 
whether of entropy in physics or of human destiny, 
carries implications of fate and doom. 

It is evident that Spengler’s system of declines 
and extinctions—his “Untergang”’ means literally 
a “sinking”’—was derived basically from a con- 
trastive comparison of Greek civilization with 
European or Western civilization. And as this 
latter is still a going concern, his idea of the pessi- 
mistic fate and extinction awaiting it was evidently 
taken over from what had happened to Graeco- 
Roman civilization. 

Spengler assumes as something that does not 
need to be argued—and so does Toynbee—that 
Greek culture and Roman culture were only the 
two halves of a larger Graeco-Roman civilization. 
Spengler calls this larger unit Classical Antiquity ; 
and Toynbee calls it simply Hellenic civilization. 
Historians also often group the two together as 
“Ancient History,” as against Mediaeval-Modern 
History which deals largely with other peoples in 
another part of Europe in a subsequent period. 

A next step brings us to the period often called 
the Dark Ages, the interval between Ancient and 
Mediaeval times. This is the period of Goths, 
Lombards, Saxons, and Franks, of decay of gov- 
ernment, arts, letters, and wealth; a time when our 
Western civilization had not yet begun to crystal- 
lize out but the Imperial Roman days and ways 
were irretrievably over. It was a time definitely 
of cultural retreat, of sag and decay, both quanti- 
tative and qualitative ; not a distinctive civilization 
as such, but a chaotic, amorphous interregnum be- 
tween civilizations. It was a time of disintegra- 
tion of the patterns of one civilization that had 
ceased functioning—a very decomposition of its 
substance and form. And at the same time there 
must have been dim stirrings, blind gropings, the 
germinating seeds from which Western civilization 
would begin to grow within a few centuries. 

In short, our Dark Ages are not really a reversal, 
a retracing, of a current of flow. They mark the 
cessation of flow of one civilization; a consequent 
slack water and hesitation of confused fluctuating 
drift; and then the gradual and slowly increasing 
flow of a new Western civilization—new precisely 
because the set of its current is in a new direction. 

Our slump, the Dark Ages, accordingly is the 
falling apart and dissolution of most of an old civil- 
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ization, because of which dissolution a new civil- 
ization was able to arise—and move in a new 
direction. 

With the Graeco-Roman civilization essentially 
dead in the West around a.p. 500, its still sur- 
viving patterns disintegrated still more for some 
centuries thereafter. Christianity, though estab- 
lished, was still too raw, too nearly illiterate and 
undisciplined, to have evolved many new patterns 
of creativity outside its own immediate function- 
ing, in contrast with the way it did evolve them 
later. The Dark Ages following 500 were dark 
not only because of ignorance but because people 
had lost the old patterns and not yet evolved new 
ones of any definiteness or moment. This absence 
of specific Dark Age patterns, due to previous ones 
having dissolved away and new ones having not 
yet formed, is the symptom that most marks off 
Ancient from Western civilization. The nexus 
of patterns and values in Europe after the Dark 
Age interregnum was, all in all, more different 
from the nexus existing before, during Graeco- 
Roman Antiquity, than it was similar. We have 
here, incidentally, a tentative, empirical definition 
of what a particular civilization is, what sets one 
off from another : it is an excess of distinctive pat- 
terns, values, or directions over shared ones. 

Some time after Charlemagne, around 900 or 
950, the new Western civilization at last emerged. 
Compared with the vague stirrings of germination 
in the preceding dark centuries, it now emerged 
with definite form, however rude and in need of 
further development. It manifested several pat- 
terns that were to continue in its structure there- 
after. First of all, the new civilization was un- 
mitigatedly committed to being Christian. There 
was no room in it for anything else religious ; and 
its Christianity was still unified. Second, the 
European nationalities had pretty definitely crys- 
tallized out by 950, much as they were to endure 
for a thousand years. There were now French- 
men, Germans, Italians, Englishmen, Danes, Poles 
instead of tribal agglomerations or the loose Frank- 
ish empire of Charlemagne. These nationalities 
found political expression in feudalistic monarch- 
ies. Fortified castles were rising, and in their 
lee, or within their own walls, towns grew up— 
still puny but a beginning toward urban life. 
Romanesque-Gothic building got under way, and 
then the associated sculpture and glass-staining. 
A revival of learning had commenced—still very 
modest but to bear fruit within a century in the 
first pulse of Scholastic philosophy. Much in the 
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same way, the writing of vernacular tongues— 
French instead of Latin—also emerged in the nine 
hundreds, proceeded to poetical compositions in 
the ten hundreds, and culminated in the vernacular 
Mediaeval literatures—French, Provencal, Castil- 
ian, and German—in the eleven and twelve hun- 
dreds. 

This civilization here arising was Western 
Civilization; but it was Western Civilization in 
its High Mediaeval phase or stage. It came to a 
conspicuous peak—its Christianity and church, 
its monarchies, its Christian architecture and sculp- 
ture, its Christian philosophy—in the mid-thir- 
teenth century: let us say in the decades around 
1250. In fact, the “Summa” of St. Thomas 
Aquinas in 1265 may be construed as the literal 
summation, formal and inward, of the High 
Middle Ages. 

This High Mediaeval civilization did not wither 
away. Instead, its patterns loosened and partly 
dissolved, during the two centuries or so follow- 
ing 1300. But as they broke down they were also 
reconstituting themselves, and on an ampler scope. 
This went on until, at some time between 1500 
and 1600, the filling in of these newly enlarged 
patterns, the actualization of their new and greater 
potential, had got under way: and therewith 
“Modern History” began—the history of the sec- 
ond or Modern phase of Western Civilization. 

What had confronted west Europeans around 
1300 or 1325, though they could not of course see 
it in the perspective of subsequent history, was an 
alternative. They might either adhere to their 
cherished patterns of High Mediaeval civilization 
as they had first begun to rough them out four 
centuries before, and had since filled them in and 
realized them so successfully. In that case, the 
saturation of the patterns having been essentially 
achieved, life under the continuing culture would 
have become increasingly repetitive, creativity 
would have been checked, atrophy ensued, and 
an irrevocable withering of the Mediaeval civiliza- 
tion would have got under way. The other choice 
was for the Europeans of 1300 to stretch their cul- 
tural patterns to accommodate a civilization of 
larger scope: to stretch them if necessary until 
some of them burst; to stretch them by stuffing 
into them a content of far greater knowledge of 
fact, more experimentation and curiosity, new 
undertakings, wider horizons, greater wealth, a 
higher standard of living. 


Unconsciously, they took the risk of this second 
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course. They did stretch their patterns of living 


a civilized life, they ruptured many of them, they 
developed more new ones in their place; until, 
after two to three centuries, the set of patterns, the 
overall design for living, had been reconstituted, 
and a new stage of Western civilization, the Mod- 
ern stage, was entered upon. 

High Mediaeval civilization was like its cathe- 
drals of high-reared arches but narrow base. 
What it lacked seems almost incredible today—at 
least it seems incredible that Mediaeval men—our 
ancestors and the founders of our civilization of 
today—could have been complacent about it. As 
against the contented parochialism of High 
Mediaevalism the thirteen, fourteen, and fifteen 
hundreds brought first a wider knowledge of Asia, 
next of the African peripheries, then of America. 
Trade followed, industry grew, wealth expanded. 
A true civilian architecture arose in Italy ; painting 
blossomed beside sculpture. The hold of the 
Church—that Church from which so many of the 
High Mediaeval patterns had ramified—this hold 
was loosened or broken. The papacy was dragged 
to Avignon, then split in the Great Schism ; Coun- 
cils were held to heal the breach and—unsuccess- 
fully—to combat the worldliness and profligacy of 
churchmen, a worldliness that in turn was building 
up sentiments of anticlericalism, and the dissidency 
of Wycliffe and Hus. Not long afterward, the 
Reformation tore away from the hitherto unified 
Church nearly half of Europe. 

All this was certainly a process of disintegra- 
tion of what had been firmly fitted around the 
Church in the true Middle Ages. In philosophy, 
the Scholastic system was similarly disrupted by 
the skeptical negativism of Occam or dissolved 
into mysticism by the Germans—after which its 
field lay fallow. Science, after a thousand years’ 
sleep, was slow in reconstituting itself. It finally 
got into motion toward the end of our period of 
readjustment with Copernicus’s 1543 revolution 
of astronomy, and with contemporary Italian dis- 
coveries in mathematics and medicine. Print- 
ing was invented to meet the demands for more 
knowledge and ideas on the part of a greatly en- 


larged civilian and urban clientele of sharpening 
curiosity. 








In many ways this era of Reconstitution and 
Rebirth between the Mediaeval and Modern pe- 
riods of Western Civilization must have felt to 
the people of Europe much as the twentieth cen- 
tury feels to us. It was a period of strains and 
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unsettlement. The timorous must often have 
wondered whether the world were not coming 
wholly out of joint. 

True, such sentiment must also been felt in 
some degree in the Dark Ages. The difference is 
that the Dark Ages were an actual recession : more 
civilization was abandoned than was originated 
in them. 

By contrast, there was more knowledge in 1400 
and 1500 than in the High Middle Ages, in- 
creased understanding and cultivation, and more 
urbane living and wealth and_ graciousness. 
Growth, not recession, continued through the in- 
terval, even while the reconstitution of set and 
structure was taking place. That, incidentally, 
is why no one has yet proposed separating the 
Middle Ages off from the Modern period as being 
two wholly distinct civilizations. Their respec- 
tive sets or directions, though altered and en- 
larged in the period of Reconstitution, were not 
wholly torn apart, nor was there loss or destruc- 
tion of most of what had existed in Western 
Civilization I—the Middle Ages—during the Re- 
constitution into Western Civilization II—Mod- 
ern Europe. 

Our Western period of Reconstitution evidently 
corresponds fairly to a.p. 200-600 in China, which 
was also a time of unsettlement and reorientation, 
after which Chinese civilization resumed its course 
on a reorganized and broadened base. Therefore 
the prevalent usage seems justified of recognizing 
the two phases as China I and II, or as Ancient 
China and Mediaeval-Modern China, rather than 
as two disparate civilizations separated even by 
their names, Sinic and Far Eastern, as Toynbee 
proposes. 

There is one interesting difference from Europe, 
however: China acquired a new organized re- 
ligion, Buddhism, in its era of Reconstitution; 
Europe loosened the hold of Christianity on its 
non-religious activities. 

When now we match the present condition 
of our civilization comparatively against these two 
analogues, it seems that the correspondence is 
greater with the previous European stage of Re- 
constitution than with the Graeco-Roman final stage 
of Dissolution. This is because now, as in 1300— 
1550, population, wealth, curiosity, knowledge, 
enterprise, and invention are definitely still in an 
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expanding phase. It appears somewhat likely, ac- 
cordingly, or at any rate possible, that we are 
now in the throes of a second stage of Reconstitu- 
tion of our civilization. In that case, period II 
of Western Civilization would already be mainly 
past, whether we in it so recognize or not; and 
period III of Western Civilization would lie ahead 
of us whenever we shall have finished reorganiz- 
ing our former cultural style patterns into a re- 
sultant new overall pattern or set. 

Civilizations are like life histories in that they 
are normally marked by a developmental flow, 
and by the fact that they are not reversible into 
a series of beats and back-and-forth swings. But 
cultural processes and organic processes are so 
distinct in their factors, that it would be unwise 
to expect their manifestations to run parallel, 
except in occasional features. There does seem 
to be this difference, that, while a civilization can- 
not retrace its past course rearward anymore than 
can an organism, a civilization can regather or 
regroup itself and start off in an altered or par- 
tially new direction, with expanded and recon- 
stituted value patterns. After all, the organic 
parallel or analogy must not be pressed too hard. 
Birth, maturation, senility, and death characterize 
the individual organisms whose repetitions con- 
stitute a species; and what civilizations in their 
size and compositeness evidently more nearly re- 
semble than they resemble individual organisms is 
species—and especially the groupings of species 
into families or orders of common properties and 
qualities. 

The foregoing has turned out to be an endeavor 
in Applied Anthropology—a somewhat new kind 
of Applied Anthropology, of a longrange variety. 
It leans little on Economics or Sociology or Psy- 
chology or Personality Study, but a great deal on 
History. Only it asks that History be viewed 
now and then with maximum of elbow room 
and freedom of perspective; with emphasis, for 
the time being, not on the mere events of History, 
which are as unending as the waves of the sea, but 
on the qualities of its secular trends; and that 
these trends be construed, so far as possible, in 
terms of the style-like patterns which so largely 
characterize civilization, and in terms of the de- 
velopmental flow, interactions, and integration of 
these patterns. 
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Yerkes Laboratories of Primate Biology, Orange Park, Florida 
(Read October 27, 1950) 


THE anthropoid apes are of special interest to 
psychology because of their nearness to man on 
the phylogenetic scale. The degree of their simi- 
larity to man psychologically is rather uncertain, 
however, largely because the great majority of 
studies have utilized animals with very restricted 
backgrounds of experience. There is an ever- 
increasing body of evidence (e.g.: 1, 5, 6: 296- 
299, 11) which indicates that the intellectual 
capacity of any animal—human or otherwise— 
depends not only on its hereditary endowment, 
but also, and to a considerable extent, on its 
psychological history. In view of such evidence, 
it seems unreasonable to suppose that an ape who 
has spent his whole life in a small, bare, labora- 
tory cage could perform at his maximum poten- 
tial level on intellectual tasks. 

In the present investigation, we are attempting 
to make a more satisfactory estimate of anthropoid 
intelligence by studying a young chimpanzee 
whose background of experience is very much 
like that of a human child. This type of project 
was suggested by Witmer (14) forty-one years 
ago, and has been undertaken several times since 
then (2, 7, 8, 9, 10, 12, 13), the most well-known 
investigation being that of Kellogg and Kellogg. 
We hope, in the present study, to avoid various 
shortcomings such as brief duration, unsystematic 
observation, insufficient reporting, and inadequate 
objective records, which have detracted from the 
value of earlier efforts. 

In addition to the obvious relevance of such a 
study to general problems of evolution, and com- 
parative and physiological psychology, it may 
clarify certain features of human _ psychology 
by presenting them in different perspective. 
Language-using ability is one such feature which 
we shall discuss in detail, later. Another example 
is the problem known as the nature-nurture con- 
troversy: does a child primarily mature to a cer- 
tain intellectual level by a genetically controlled 
process of physical growth; or is his intelligence 


1This project has been assisted by grants from the 
Penrose Fund of The American Philosophical Society. 


acquired, more as the result of a gradual ac- 
cumulation of knowledge from his continued ex- 
perience in a physical and social environment? 
This problem has been studied within the human 
species, but such studies are burdened with a 
number of difficulties: both variables tend to be 
restricted in range, and they tend to be correlated. 
In the present study, we hope to get more clear- 
cut results by dealing with a greater range of the 
variables, and by keeping them unrelated. A 
chimpanzee raised as a child in a human home 
can be compared with normal human children, 
thus providing a large difference in heredity with 
constant environment. On the other hand, this 
same chimpanzee can be compared with its rela- 
tives who are raised in laboratory cages—con- 
stant heredity here being combined with a greater 
difference in environment that can be found within 
the human population. 

Our subject, Viki, was adopted a few days after 
birth, and has now spent the first three years of 
her life in our home. She has been treated as 
nearly as possible like a human child, with a few 
exceptions. Our purpose necessitates a great 
many tests and experiments, to which most chil- 
dren are not subjected. When Viki appears to be 
markedly inferior in some respect, special training 
is usually given, to determine whether the defi- 
ciency can be overcome. During much of her 
life, such training was given at mealtime, so that 
she worked for most of her food. 

An extensive diary record is kept of her activi- 
ties; she is compared with human children and 
laboratory chimpanzees in a variety of formal 
experiments; and photographic and motion pic- 
ture records are made of the more significant 
features of her behavior. 

In terms of results, this must be considered a 
progress report—the investigation is by no means 
completed, and if it were to be terminated at this 
point, our conclusions would have to be very 
tentative. Our subject is only three years old; it 
cannot be assumed that she has completed a 
greater proportion of her intellectual development 
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than a human child has at this age; and the child 
is a very incomplete person at three. The typical 
three-year-old cannot count, draw, lace his shoes, 
play catch with a ball, or copy a simple construc- 
tion of building blocks. Nevertheless, we have 
established a number of points which seem un- 
likely to be contradicted by our later results. 

In general, Viki’s development has Closely par- 
alleled that of a normal human child, her interests 
and abilities having appeared in roughly the same 
sequence, and at about the same rate. Her so- 
cial behavior is that of an extrovert: she seeks the 
company and attention of people, and is very 
friendly, though somewhat aggressive with those 
who allow her to dominate them. 

Viki, like human children, spends most of her 
time in play—an activity which merits consider- 
able attention because of the purpose it serves. 
Although play behavior is self-rewarding, and 
does not serve directly to satisfy any immediate 
biological need, it does provide experience which 
may later be useful in satisfying such needs. 

Viki’s play is much more athletic than a child’s 
—she spends a larger part of the day running, 
climbing, and jumping, and is constantly develop- 
ing new and different ways of accomplishing the 
ostensibly simple business of getting from one 
place to another. Her greater innate drive to- 
ward such activities appears to make a major con- 
tribution to her greater athletic skill—which is 
much more important to her semi-arboreal 
species than it is to the terrestrial human. 

On the other hand, she is less vocal: while the 
human child commonly keeps up an almost con- 
tinual stream of chatter—with or without mean- 
ing, Viki is silent. She babbled a little during her 
first year, and at present she occasionally devotes 
a few minutes to rather stereotyped vocal play; 
but she gets only a small fraction of the practice 
which provides background for the human child’s 
most distinctive accomplishment—language. 

One of the more characteristic aspects of 
human play is the use of various mechanical 
gadgets—that class of objects which are toys to 
the child, and tools to the adult. Viki does not 
appear to be seriously retarded here, either in in- 
terest or ability. She scribbles, cuts with shears, 
builds with blocks and tinker-toys, throws and 
catches balls, operates light switches and door- 
latches, with about the same skill and enthusiasm 
as most three-year-old humans. One of her fa- 
vorite toys at present is the telephone, which she 
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holds to her ear while dialing a few numbers— 
at random. 

She seems to have as much preference for 
social play as people do. She leads us about by 
the hand, coaxes us to tickle her, begs for picka- 
back rides, brings us toys which are used in so- 
cial games, and enlists our aid in exploiting new 
gadgets by firmly placing our hands at the ap- 
propriate spot. When new acquaintances are 
available, she usually plays with them, rather than 
with members of the family. 

An especially interesting feature of human so- 
cial play is imitation; and here, again, Viki shows 
no great difference. Just as a human child 
copies its parents’ routine chores, so Viki dusts; 
washes dishes; sharpens pencils; saws, hammers, 
and sandpapers furniture; paints woodwork; and 
presses photographs in books. 

Although such spontaneous imitation is often 
very striking, a more rigorous experimental analy- 
sis seemed desirable. Six problems were there- 
fore prepared, and presented to Viki and to four 


human children of about the same age. Four 


of these problems were also presented to a labo- 
ratory chimpanzee nine months older. 

These imitation problems involved obtaining 
a toy or piece of candy in various ways: by throw- 
ing a ball at it to knock it down; or by pushing 
it out of a long tunnel with a rod; or by operating 





Fic. 1. Building a tower of blocks, at eighteen months. 
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Fic. 2. 
though she seldom says anything into it. 


The phone is a favorite plaything at three, 


a light switch on the wall, which released the prize 
magnetically from the ceiling. In some problems, 
the door of a box containing the prize was opened 
by using a stick to strike a distant string; or by 
burning a nearby string with a candle flame; or 
by pulling three levers in a certain sequence. 
The subject was allowed to attempt a solution 
first, to insure that it could not be done readily 
by insight or trial-and-error. The experimenter 
then demonstrated the proper procedure, and 
allowed the subject to try again; if she was unsuc- 
cessful, additional demonstrations were given. 

There was little difference between Viki and the 
children—they usually solved these problems 
within a few trials. The laboratory chimpanzee 
solved only one, however ; his failure on the others 
appeared to be due, at least in part, to his lack 
of skill in manipulating the apparatus. 

Viki can also imitate in response to the com- 
mand “do this,’ by copying the action we demon- 
strate, a procedure which is useful in helping her 
to learn new skills. 

We have, of course, been interested in the eval- 
uation of Viki’s IQ, as measured by the intelli- 
gence tests designed for use with human children. 
Such tests are of doubtful validity, however, when 
applied to the children of psychologists who know 
in advance what items of behavior will be tested 
at various ages. Validity may also suffer some- 
what from frequent re-testing. Our results in 
this field must not, therefore, be taken too seri- 
ously. They appear to indicate, however, that 
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Viki’s general intelligence has developed at about 
the same rate as that of a human child, and is now 
at about the normal three-year-old level. She 
performs with appropriate skill on such test items 
as form boards, peg boards, picture puzzles, block 
piling, and buttoning. However, most intelli- 
gence tests include a large number of items which 
depend on the child’s ability to use language— 
either directly, as in a question-and-answer situa- 
tion, or indirectly, as where materials must be 
manipulated in accordance with relatively com- 
plicated verbal instructions. Viki fails completely 
on most such tests of verbal intelligence. 

Language is, in fact, the one field of behavior 
in which we have thus far been able to find a 
large, clear-cut, and important superiority of man 
over chimpanzee. Although Viki has learned 
to say a few words,” the significance of this fact 
lies not in her learning to say them, but rather in 
the great difficulty with which she learned, and 
in the particular nature of this difficulty. 

As an infant, Viki babbled much less than hu- 
man babies do, and even this disappeared by five 
months of age. However, the variety of sounds 
observed in her babbling, and in her vocal expres- 
sions of emotion, left no doubt that her vocal mech- 
anisms were adequate for producing satisfactory 
approximations of most of the elements of human 
speech. 

Since it appeared unlikely that Viki would speak 
spontaneously, we began a speech training pro- 
gram when she was five months old. The first 
step was aimed at teaching her merely to vocalize 
on command, in order to obtain a reward. No 
specific sound was insisted upon at this stage. The 
task was surprisingly difficult. Although she 
seemed to learn what was required quickly, she 
had serious trouble with the motor skill of volun- 
tary vocalization. It took her five months to learn 
to produce a hoarse, staccato grunt, quite unlike 
her normal spontaneous sounds. She could do 
this quickly and dependably, when told to “speak,” 
but only with much grimacing and straining. This 
phase of the training was also given to several 
laboratory chimpanzees, with similar results. 

By manipulating Viki’s lips, as she vocalized, 
we were able to make her say “mama.” She soon 
learned to make the proper mouth movements 
herself, and could then say “mama” unaided— 
softly, and hoarsely, but quite acceptably. 


2 Small vocabularies have also been reported for several 
other apes (3, 4, 14). 











Fic. 3. We help her to say “mama,” at fourteen months. 


Viki's later words were learned more easily, and 
by a different procedure. Like many other chim- 
panzees, she has developed a type of play which 
is superficially similar to babbling. It differs in 
that the sounds are produced entirely by mouth 
vibrations, without use of the larynx. Some of 
these sounds are roughly similar to certain human 
consonants, and since Viki readily imitates our 
production of them, we attempted to teach her to 
use them in words. By the time she was two-and- 
one-half years old she had learned to pronounce 
satisfactory approximations of the whispered 
words “papa” and “cup.” We did not manipulate 
her mouth in teaching these words, but simply in- 
sisted that she copy our example of a certain com- 
bination of play sounds. 

She did not use her three words meaningfully. 
at first; but when we required her to employ them 
appropriately, she soon learned to address the 
proper experimenter as “mama” or “papa,” and 
to say “cup” when she wanted something to drink. 
She sometimes confuses them, however—especially 
when we urge her to speak, or when she wants 
something very badly. 

When Viki is compared with various human in- 
dividuals who display a similar degree of language 
deficiency, we find that she bears little resemblance 
to those whose trouble is caused by feeble-minded- 
ness or by abnormality of the speech organs; but 
she does quite closely resemble those cases, known 
as aphasics, whose deficiency is caused by abnormal 
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brain structure, congenital or acquired. Like many 
aphasics, Viki is deficient in language comprehen- 
sion, as well as in speech, though here the deficit 
is less striking.* 

The conclusions to be drawn from this investi- 
gation must be considered very tentative. We are 
home-raising only one chimpanzee, who may or 
may not be typical of her species. She is only three 
years old, and cannot, therefore, be compared 
with man at the adult level. 

If we assume, however, that Viki’s mental de- 
velopment will continue to parallel that of man to 
maturity—as it appears to have done for the first 
three years—then our results strongly suggest 
that the two species are much more alike, psy- 
chologically, than has heretofore been supposed. 
They suggest, in fact, that man’s superior ability 
to use language may be his only important genetic 
advantage. This one genetic advantage makes fur- 
ther advantages possible, however, since language 
is a means of sharing knowledge. Intelligence de- 
pends on three factors: the individual’s innate 
capacity, his personal experience, and the experi- 
ence he acquires second-hand, through communica- 
tion with others. This last factor, while unim- 
portant to most species, makes man less dependent 
on individual abilities, by providing him with a 
more effective “group intelligence.” 

We suspect that the importance of this cultural 
factor in determining the abilities of man has 
been seriously underestimated—an understandable 
error, since men as we know them always have cul- 
ture, giving us no opportunity to observe the effect 
of its absence. If an individual man could grow 
up in complete isolation from culture, and with 
only such knowledge as he could gain directly 
from his environment, we suspect that his be- 
havior would be very different from that of the 
men we know, and would probably be quite ape- 
like. We doubt that such a man could survive, 
in competition with the physically hardier anthro- 
poids. 

We suspect that the species chimpanzee closely 
resembles our hypothetical, cultureless man, with 
much the same individual capacities—except for 
language ability, the tool which man uses to build 
and maintain culture. 


3A sixteen millimeter, sound, motion picture, entitled 
“Vocalization and Speech in Chimpanzees,” has been pre- 
pared to illustrate the behavior described here. It is 
available, as number PCR-2032, from the Psychological 
Cinema Register, Pennsylvania State College. 
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THE BABYLONIAN METHOD FOR THE COMPUTATION OF THE LAST 
VISIBILITIES OF MERCURY 


O. NEUGEBAUER 


Professor of the History of Mathematics, Brown University 


(Read October 27, 1950) 


1. IN THE following | shall try to give a 
summary of a series of recent discoveries in 
connection with cuneiform tablets which were 
written between 300 B.c. and 50 B.c. in Uruk or 
Babylon and which deal with the risings and 
settings of Mercury. This speedily moving and 
hard-to-observe planet presents great difficulties 
for predictions of its appearance as morning star 
just before sunrise, its disappearance some weeks 
later, and its reappearance and vanishing as 
evening star. The investigation of the Baby- 
lonian theory of these phenomena is therefore an 
important problem in the history of ancient 


astronomy. But aside from its purely historical 
aspects, the problem also concerns modern 
astronomy. The treatment of phenomena near 


the horizon depends on empirical data, and such 
data have been extracted from historical records 
for the purpose of compiling tables for first and 
last visibility of the planets and the moon. A 
complete understanding of the texts used for such 
purposes is obviously an important requirement 
for the reliability of modern tables. 

The number of scholars who directly or in- 
directly make use of astronomical tables for 
chronological or other purposes is much greater 
than the small number of those who are actively 
engaged in the investigation of the original 
sources. Consequently, it seems to me useful to 
give the reader a short account of the single 
accidents which influenced the slow process of 
decoding step by step the fragmentary texts which 
are left to us as the only source of information of 
scientific results obtained by methods developed 
two thousand years ago. 

2. At the beginning of every retrospective 
report on discoveries in the field of Babylonian 
mathematical astronomy must be mentioned the 
name of Father J. Strassmaier. His copies of 
many hundreds of tablets and fragments (down 
to small pieces with only a few signs or numbers) 
not only formed the solid foundation of the 
pioneering work of Epping and Kugler but still 
remains an unexhausted source of material. His 


notebooks and larger sheets of copies, made in the 
1870’s, 1880's, and 1890's in the British Museum 
are now in the custody of the Pontificio Istituto 
Biblico in Rome. In Kugler’s monumental work 
on the Babylonian theory of the moon (1900) and 
of the planets (1904-1927), many of Strassmaier’s 
larger copies formed the basis for the plates and 
transcriptions. 

While the texts of the British Museum in all 
probability belong to an archive from Babylon, 
also texts from Uruk became known through 
Thureau-Dangin’s ‘‘Tablettes d’Uruk”’ (1922). 
That much more material was unpublished soon 
became evident. Professor J. Schaumberger 
had undertaken to complete Kugler’s work and 
thus had access to the many unpublished texts in 
Strassmaier’s notebooks. He also visited the 
Oriental Institute in Chicago and identified many 
astronomical texts there. Similarly, additional 
texts were made available to me by the late H. 
Ehelolf from the Collection of the Staatliche 
Museum in Berlin. The need for a new publi- 
cation of all this material was obvious. Schaum- 
berger, Schott, and I decided in the 1930's to 
publish a “corpus”? of Babylonian astronomical 
texts. Schott was to take the early material, 
i.e., the texts written before the Seleucid era, and 
the astrological texts. Schaumberger took the 
“observational” texts, closely related to Kugler’s 
work, while the mathematical-astronomical texts 
were my share. All our results were to be made 
available to the Chicago ‘Assyrian Dictionary” 
according to plans discussed with Breasted at the 
Orientalists’ Congress in Rome in 1935. 

3. In the framework of this plan I have worked 
the last fifteen years on the preparation of an 
edition of ‘‘Astronomical Cuneiform Texts” 
which should contain all available texts of 
systematic predictions of lunar and _ planetary 
phenomena. Whenever the manuscript seemed 
ready to be printed a new influx of material led 
to a complete change of schedule. One import- 
ant addition was formed by texts from Istanbul 
which were identified by F. R. Kraus during his 
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cataloging of this important collection. By this 
addition, many joinings of fragments in Istanbul, 
Paris, Berlin, and Chicago became possible. All 
these texts came from Uruk and now form a uni- 
form block equal in importance to the Babylon 
texts of the British Museum, Berlin, and New 
York. Finally, through the kindness of Pro- 
fessor A. Deimel in Rome, I was given full ac- 
cess to Strassmaier’s notebooks. 

In order to be able to quote texts in a short 
form, | give here the list of those tablets which 
concern Mercury, preceded by the numbers by 
which | refer to them in my above-mentioned 
edition. 


Babylon: 


301 BM 45980 London partly published 
by Kugler SSB | 
p. 200 

302. BM 34585 London partly published 
by Kugler SSB I 
p. 201 


303 BM 33618 
304. BM 35277 


Uruk: 
300 A 3424+A 3436 Chicago 
350 A 3409 
351 U 169 
352 U 151+U 164 
353 Warka X 40 


London 
London 


Chicago 
Istanbul 
Istanbul 
origimal lost; quoted 


from excavation 
photo 

801 AO 6477 Paris, published TU 
pl. 54 

Cam. A 3405 Chicago 

Ph.M. A 3456 Chicago 


Unless explicitly mentioned as published, all 
these texts are unpublished. All will be included 
in my edition, with the exception of the two last 
mentioned tablets. 

4. The investigation of the theory of Mercury 
received an unexpected impetus by the following 
accident. | was studying Ptolemy's planetary 
theory and became interested in observations 
which he quotes in Book IX of the Almagest, the 
dates being given in the ‘“‘Chaldean Era”’ which is 
the ordinary ‘‘Seleucid Era’’ constantly used in 
the Babylonian texts. Consequently I asked 
Professor Schaumberger whether he had observa- 
tions corresponding to the dates of Ptolemy’s 
material. He replied that he knew of two texts 
in Chicago covering the period in question, 
“Cam.” and ‘‘Ph.M.” of the above list. Ex- 


BABYLONIAN ASTRONOMICAL COMPUTATION 111 


cellent photographs provided by the Oriental 
Institute gave A. Sachs and myself the possibil- 
ity to study these two texts in detail. They 
proved exceedingly interesting in many respects. 
Ph.M. contained sufficiently many data for 
solstices and equinoxes to lead to the discovery 
that all of them were computed according to a 
simple arithmetical scheme which I had found a 
year before in two fragments from Uruk. The 
systematic exploitation of this fact then led 
Sachs to a clear separation of computed and ‘ob- 
served elements in the Seleucid astronomical 
texts, results which have profoundly changed our 
whole attitude towards the role of theory and 
observation in Babylonian astronomy.! 

For the theory of Mercury, many data became 
available for systematic comparison only after a 
great deal of numerical calculation. This labor 
had, however, the beneficent effect of making me 
thoroughly familiar with all the little tricks of the 
computational methods for Mercury in so far as 
they were already known in the main outline to 
Kugler. I also developed efficient shortcuts 
which proved very useful for the checking of long 
series of computations. 

In the meantime, Sachs became more and more 
suspicious of certain pairs of risings and settings 
which seemed to be considered as always invisible. 
Simultaneously I found that an ideogram, LU, 
appeared in No. 300 when the time interval 
between rising and setting wasa minimum. The 
combination of both remarks led to the under- 
standing of a difficult passage in the procedure 
text No. 800. There the same intervals which 
we had found as LU-intervals in Ph.M. and 300 
were denoted as LU-iq that is etig ‘‘passed by.” 
The same term has been known to denote the 
passing by of an eclipse since 1901 through 
Kugler’s researches.2, We now see that also in 
the case of Mercury certain phenomena were 
denoted as theoretically computed but remaining 
below the threshold of visibility. As is to be 
expected, this is the case when the theoretical 
interval between rising and setting becomes 
smaller than a certain lower limit. 

5. The really new turn, however, came with 
new material from the British Museum. 
Through J. C. Gadd’s untiring helpfulness, | 

10. Neugebauer, Solstices and equinoxes in Babylonian 
astronomy during the Seleucid period, Jour. Cuneiform 
Studies 2: 209-222, 1948. A. Sachs, A classification of the 


Babylonian astronomical tablets of the Seleucid period, 
ibid., 271-290. 


2 Ztschr. fiir Assyriologie 15: 186 ff., 1900, esp. p. 194. 
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obtained photographs not only of all texts 
mentioned by Kugler but also of a great number 
of additional texts whose existence in the 
British Museum was known through Strass- 
maier’s copies. This made it possible to attack 
the problem on a much broader basis than Kug- 
ler’s. 

In order to make the following clear, I must 
now mention some details of the Babylonian 
methods. Mercury, like Venus, is always close 
to the sun, being alternately morning star or 
evening star with periods of invisibility in be- 
tween. For the sake of brevity, I shall hence- 
forth use the following Greek letters for the four 
characteristic phenomena which limit these 
intervals: 


I first appearance as morning star (“‘heliacal 
rising’) 

last visibility as morning star 

first appearance as evening star 

last visibility as evening star 


Shi 


(cf. the schematic figure below). 


longitude 





inv. inv. iny. 


Fic. 1. 


Kugler had already discovered the rule by 
means of which the longitudes of [ and = were 
computed. The ecliptic is divided into three 
zones (different for T and =), and each zone is 
assigned an arc which indicates how far the next 
r (or =) will be distant from the preceding one. 
Consequently it is possible to compute the posi- 
tions of all consecutive [’s and of all consecutive 
=’s if one initial pair of these phenomena is given. 
Once the positions are known, also the dates can 
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be found by a simple arithmetical process. Thus 
place and time for all T’s and &’s can be com. 
puted. 

The unsolved problem consisted in the similar 
problem for the last visibilities, 2 and 2. Kug.- 
ler, who had No. 301 at his disposal, found that 
there seemed: to exist a fixed rule according to 
which the longitude of 2 could be found if it was 
known into which zodiacal sign IT had fallen, 
If, for example, Mercury became visible at a 
point in Gemini, then it would disappear at a 
place 18° farther ahead. Similarly, for each 
zodiacal sign there seemed to exist a “‘push” 
which had to be added to I in order to find the 
following >. 

That this method could not suffice was soon 
clear tome. Not only did it not work accurately 
in the other texts of the British Museum, but the 
Chicago text No. 300 gave positions of T and & in 
degrees, minutes, and seconds, as well as the 
dates—and none of these accurate values followed 
Kugler’s rule. On the other hand, it was clear 
that the general trend of the pushes used in the 
Chicago text was not far different from the 
trend deduced from No. 301. I did not succeed, 
however, in penetrating into the numerical 
scheme of the accurate text, in spite of many 
repeated attempts. 

When the new material from Strassmaier’s 
copies became available to me, I could start 
anew. Though some of the paragraphs had 
been abandoned by Strassmaier as too badly 
preserved, I had the guidance of Kugler’s rule 
and of my computational methods to exploit 
every readable number to bridge the gap to the 
next one. Thus I succeeded in completely 
restoring not only T and = but also in finding 
many values of = and Q, and in constructing an 
empirical graph which recorded for each value of 
I the corresponding value of 2, and similarly for 
ZandQ. Thus I was able to control readings and 
to avoid gross errors, both my own and those of 
the text. I could now predict the longitude of a 
> from a I within a limit of about + 1°. 

Simultaneously Kugler’s rule was confirmed 
by a colophon, written on a fragment unknown 
to him, which could be joined with the end of 
No. 301. Though more than half of it is still 
missing, I identified some of Kugler’s push values 
in the colophon of the text which I succeeded in 
restoring almost completely. The rules for 
I and = could be supplemented by means of No. 
800 and the missing push values came from my 
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statistics. Hence almost all longitudes also for 
> and 2 could be computed in No. 301. 

At this stage of the game, at least one special 
scheme seemed to be firmly established. As con- 
jectured by Kugler, the longitudes of = depended 
on the zodiacal sign of T in a fixed way. These 
‘‘pushes”’ from I’ to = were found to be: 


For a TI in > falls beyond I 


oe 12° 
0 14 
I 18 
69 22 
82 26 
ny 30 
= 34 
m 4 
7x 44 
© 42 
a 30 
HK 24 


Comparing this scheme with the statistical 
curves found from the other texts now showed a 
very significant property. The agreement was 
best in the middle of a sign and worst at the ends. 
This gave the key to the computation of the other 
texts. Take the above table only as referring to 
the midpoints of a sign, but otherwise use linear 
interpolations (cf. fig. 2). This method imme- 
diately yielded the values for the longitudes of 
~Y and & in all other texts. 

6. With this point, we have now reached a 
complete insight into the computation of all four 
phenomena of Mercury, at least so far as the 
longitudes are concerned. One observation may 
be added, because it sheds light on mathematical 
methods in general. No. 300 plays an excep- 
tional role in so far as the longitudes of T are only 
partially used for the subsequent interpolation of 
the ‘‘push”’ value. Instead of using also minutes 
and seconds for the computation, only the full 
degrees are considered. Minutes and seconds 
are simply discarded, however close they might 
come to a full degree. This clashes with our 
modern principle of ‘rounding off’’ to the 
nearest integer. On the other hand, it confirms 
my experience in checking rounded-off dates in 
many hundreds of planetary data which are 
explicable only by the same device. 

Now, being in a position to compare the accur- 
ate computations with the rounded-off ones and 
with the crude scheme of No. 301, we see that 
deviations between these methods may result 
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which in turn affect the predicted dates by 
amounts which can reach + 8days. This is very 
significant for the comparison of different com- 
puted texts and of observations. 

7. After the scheme for the computation of the 
longitudes of 2 and Q had become clear, it was an 
easy task to find also the rules for the dates. | 
simply used pairs of values in the accurately com- 
puted No. 300 to determine the values for the 
15th degree of each sign. The result isa slightly 
different numerical table which indicates how 
much later = falls after [, depending upon the 
longitude of T. For @ there existed a similar 
scheme, but the numerical values available at 
present are not complete enough to yield the 
values for all longitudes of =. 

8. When checking the numerical interpolations 
in all texts line by line, I soon found it convenient 
to tabulate the single values. Certain errors 
found in the texts convinced me more and more 
that the interpolations were carried out in two 
steps—first for the integer degrees, then for the 
minutes and seconds. In computing these num- 
bers, I recalled a perfectly mysterious text from 
Chicago (No. 350) which I had been forced to 
classify as ‘‘unidentified Now it became evi- 
dent at once that I had here my complete inter- 
polation scheme worked out from degree to de- 
gree. Each column begins with the 15th degree 
of a zodiacal sign and proceeds to the 14th degree 
of the next. Alternating columns concern longi- 
tudes and dates. It was, indeed, a hopeless task 
to understand these columns of numbers before 
the whole theory became clear. 

9. Finally, a small but characteristic incident 
may be mentioned. After completion of the 
work on the big tablets Nos. 301 and 302, | in- 
vestigated the photograph of a small fragment of 
6 lines only (No. 304) which was already identi- 
fied by Strassmaier as ‘‘a small fragment 
concerning the heliacal rising of a planet.’’ The 
restoration of the text was an easy task and it 
turned out that it was computed for one 46-year 
period later than No. 302 (86 B.c.). This tablet 
was copied twice by Strassmaier, once on De- 
cember 1, 1892, the second time on February 
25, 1893. This second copy contains an unusual 
handwritten note by Strassmaier which I quote 
in translation: 


” 


It follows from line 4 that a heliacal rising which is 
skipped in the periodic sequence is denoted by LU; 
this sheds light on the lunar eclipses in Sp. 129 which 
are denoted by 5 4b Si LU; 4b is only the abbrevia- 
tion for arah month and is therefore probably related 
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to the 5 arhu of the Saros tablet, thus probably 
denoting a periodic lunar eclipse which did not occur 
after a 5-month interval. Is this correct? 


Indeed, Strassmaier’s remarkable conjecture of 
a parallelism between the computation of the 
junar eclipses and of planetary phenomena is now 
completely confirmed. He correctly interpreted 
the ideogram LU 56 years before we were forced 
to rediscover its meaning from a vastly enlarged 
material, thus supplying the answer to his final 
question. 

10. We now know the methods by means of 
which the astronomers of Babylon and Uruk 
computed the significant phenomena of Mercury 
during the last three centuries B.c. Thus the 
solid foundation is laid for the investigation of the 
question how well these phenomena are repre- 
sented by the latest modern tables, the ‘‘Oxford 
Tables’”’ by C. Schoch, published as an appendix 
to The Venus Tablets of Ammizaduga by S. 
Langdon and J. K. Fotheringham, Oxford 1928, 

The main purpose of these tables consists 
precisely in computing as accurately as possible 
the data of first and last visibility for the planets 
and the moon. Because reliable information 
about visibility conditions in Mesopotamia are 
not available from modern times and because it 
seemed to be possible that the change from 
cultivated land to desert might have influenced 
the visibility in the horizon, Schoch based his 
elements on ancient texts which recorded the 
phenomena in question. We know now that in 
the case of Mercury he was misled in two funda- 
mental respects. On the one hand, he took 
elements as observations though they were 
actually computed, thus affecting his own cal- 
culations by the inaccuracies of the Babylonian 
theory. On the other hand, he utilized for the 
determination of the most vital parameter, the 
lowest limit of visibility, exactly those values 
which were denoted by the old astronomers as 
“passed by,” that is, as invisible. 

Schoch gives no detailed account of the texts 
he used, but it is evident that his only source of 
information was the texts published by Kugler 
with one or two additions, thus a material of 
which only a minute fraction contains really 
observational records. As we have seen above, 
computed values can show deviations of about 
+ 8 days from the more accurate values of the 
Babylonian theory, not to mention the errors 
inherent in the relative crudeness of even the 
best form of the ancient theory. Schoch had no 
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means at this disposal to evaluate the reliability 
of his sources which he tried to represent as 
closely as possible by his own computations. 
Obviously Schoch’s tables can at best reflect 
results which the ancient astronomers were able 
to produce. 

Actually, however, the situation is made worse 
by the inclusion of invisible cases at the most 
critical point. Here we have Schoch’s own ac- 
count, which he gave in a short article ‘Der 
babylonische Horizont” in Sirius 59 (N. F. 54): 
226, 1926. Here he complains about the state- 
ments of German excavators who reported from 
their own long experience in Mesopotamia that 
visibility conditions were not at all ideal near the 
horizon. Astronomy, says Schoch, gives us the 
possibility of checking such statements. ‘‘Let 
us compare the observations of Ptolemy and of 
the Babylonians. They reveal either that 
Ptolemy was a thoroughly unreliable observer or 
that the Egyptian horizon was very bad.... 
Ptolemy explicitly denies in the Almagest 
[ XIII, 8*] the possibility of observing Mercury 
in the autumn between upper [=] and lower 
conjunction [Q] and in the spring in the morning, 
between lower [1] and upper conjunction [> ].” 

This is the same passage from which our in- 
vestigation started and which contains the fact 
that Ptolemy considered Mercury invisible 
exactly in the same intervals which were singled 
out by the Babylonian astronomers as “LU” 
intervals. Schoch, however, not knowing the 
significance of this notation, continued, 


Now I have several observations of the Baby- 
lonians, which I can compute almost to the minute, 
from which it follows that even under these most 
adverse conditions the visibility of Mercury was 
child’s play [eine Kleinigkeit] to the Babylonians. 
Only one example. In the evening of Sept. 26-27 
Mercury became visible again for the first time [= ] 
after superior conjunction and disappeared in the 
evening of Oct. 10 [Q], thus 14 days later, before 
inferior conjunction. 


Sachs identified the text in question as Sp. II 
51, Kugler SSB I Pl. V, and indeed the passage in 
question shows the ominous LU, in full agreement 
with the theoretical texts. Thus Schoch’s tables 
give ‘almost to the minute’’ the visibility of 
risings and settings which were invisible in Egypt 
and Mesopotamia as well. 

The reason for the Babylonian astronomers’ 
having included these unobservable cases in their 


3 Also Proclus, Hypotyposis, VII, 9. 
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lists is, of course, the same which caused them to 
indicate in the tables of eclipses also those nodes 
where an eclipse could not take place. In order 
to obtain the mean distance between consecutive 
phenomena of the same kind, the count must 
include also the cases where secondary phe- 
nomena preclude their direct observation. With- 
out a clear distinction between theory and 
empirical statements, the ancient texts cannot be 
used correctly. 

11. Naturally the question arises how far the 
previous remarks affect the remaining Oxford 
Tables. Unfortunately no detailed account of 
their basic sources is available. Nevertheless, it 
seems plausible that Schoch’s overestimation of 
Babylonian visibility conditions has also in- 
fluenced his values for the lowest visibility of the 
remaining planets and the lunar crescent. It is 
furthermore evident that here too he took values 
for observations which were actually computed. 
For the majority of new-moon data it suffices to 
have the accurate moment of conjunction, and 
this element is, of course, obtainable with 
sufficient accuracy from any modern table. 
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Schoch’s specific goal, however, of reaching 
reliable data for the first visibility in critical 
cases can hardly have been reached to a greater 
extent than the Babylonian computers were able 
to reach. This eliminates the Oxford Tables as 
a means of checking the achievements of the 
old astronomers. Especially for such delicate 
questions as the occurrence of unusually long 
sequences of full or of hollow months, Schoch’s 
tables cannot claim our confidence. 

In the case of the theory of Mercury, we were 
very lucky to find a few fragments which sufficed 
to restore the ancient theory as a whole. We 
are less fortunate for the visibility of the moon. 
The piecing together of the smallest fragments 
has given us today about twice as many instances 
as were known fifty years ago for the evaluation 
of the ancient visibility conditions which must be 
based, in the last analysis, on empirical data. 
Nevertheless, much patient work—and, most of 
all, access to the sources buried in the museums— 
will be needed before relative security in the 
evaluation of Babylonian lunar dates can be 
guaranteed. 
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MIXED MOTIVES IN THE GOSPELS 


HENRY J. CADBURY 


Hollis Professor of Divinity, Harvard University 


(Read October 26, 1950) 


Ir 1s thirty years since there began to appear in 
Germany discussions of the gospels based upon a 
new method of criticism called Formgeschichte 
(in English, Form Criticism). In what was ap- 
parently the first notice in English of this new 
departure’ the hope was expressed that the 
method of study would have fruitful “effects upon 
our attitude towards the understanding of the gos- 
pels which are generally sound and are most sig- 
nificant.” This expectation has been fulfilled, 
and that in spite of the excesses both of the form 
critics and of the critics of form criticism. 

Into the general evaluation of the method I do 
not intend to enter here again. The discussion 
in print is very extensive already.” I may say 
merely that the by-products of the technique still 
seem to me more useful than the original em- 
phases of the study. Those emphases were the 
classification of the contents according to certain 
simple literary forms and the connexion of these 
forms with ecclesiastical use. But mere classi- 
fication is often rather fruitless, and less than 
many of my colleagues do I visualize early Chris- 
tianity as operating mainly through formal chan- 
nels of worship, instruction, and propaganda. 

Of the valid by-products of the attention given 
by Form Criticism two in particular deserve to 
be mentioned : 

(1) It is now obvious that the written material 
had a prior oral history and that in that earlier 
stage the units as they circulated were separate 
and independent of one another. Whatever origi- 
nal contact they had with the historical person of 
whom they were told, they acquired each a self- 

1Henry J. Cadbury, Between Jesus and the Gospels, 
Harvard Theological Rev. 16: 81-92, 1923. 

2 Of these pioneer books in Form Criticism one is avail- 
able, revised and translated into English. It is M. Dibe- 
lius, From tradition to Gospel, London, Nicholson, 1934; 
N. Y., Scribners, 1935. The reader who wishes a simple 
account of this kind of study of the gospel may consult 
conveniently one of the following: Vincent Taylor, The 
formation of the Gospel tradition, London, Macmillan, 
1933; F. C. Grant, Form criticism, Chicago, Willett, 
Clark, 1934: E. B. Redlich, Form criticism, its value and 
limitations, London, Duckworth, 1939. 
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sufficient character as detached anecdotes, sayings, 
or parables. It was only in the written gospels or 
in written sources of the gospels that their pres- 
ent fixed connexions. and compilations came into 
being. Before that they were like unstrung 
beads, separate and separable memorabilia. Each 
had its own point, its own completeness and in- 
dependence. It need not be considered in the 
light of any other item or any context for it 
could be told by itself and for its own sake. 

(2) Form Criticism has also brought into re- 
lief the element of motive in the gospel material. 
The material now in the gospels was preserved 
because it served a purpose. It is not an acci- 
dental residue of all that Jesus began to do and 
to teach. It is not primarily the automatic self 
recording of a notable life and mind. Sheer his- 
torical interest, antiquarian curiosity, had little 
to do with the making of the gospels. The mo- 
tives were quite other and in fact quite varied 
among themselves, yet their contents served one 
or another of the many interests which the early 
Christians entertained. The traditions in the 
gospels even before they were written down were 
profitable for teaching, for reproof, for correc- 
tion, and for training in righteousness, like other 
scriptures. 

A question that deserves to be asked of each 
gospel pericope (section )—and one that can usu- 
ally be answered—is this: What motive or in- 
terest of the early Christians is inherent in its 
contents? One does not need to query whether 
the item is historical or unhistorical, whether it 
belongs to one literary form or to another. What- 
ever its present context, it once served a separate, 
simple, and usually still fairly obvious purpose. 
Even when the purpose is not now obvious it 
would be a mistake to suppose it was just a dis- 
interested bit of factual record. The element of 
interest or motive is too pervasive. It may ac- 
cord perfectly with fact but the selection or sur- 
vival of the item has been determined consciously 
or unconsciously by its serviceableness. The 
particular service which each item could render is 
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mostly easily to be seen, and should constitute an 
inquiry to be pursued prior to most other consid- 
erations in the study of the gospels. Were one 
to distinguish the stages of criticism by the usual 
type of nomenclature one would be tempted to 
coin the term “motive criticism.” For as has 
just been remarked, recognition of motive may be 
fully as important as recognition of form. The 
sequence of study should be: motive criticism, 
form criticism, source criticism and, only after 
these, historical criticism. 

From these two features of the gospel mate- 
rial follows a characteristic to be applied to the 
gospels as a whole, viz. variety of motivation. 
Since the units are independent and are of in- 
herent definite motivation their combination by 
the later evangelists led to mixture of motives in 
the final work. Editorial process rarely interfered 
with this effect. Indeed it must needs have been 
very far reaching if it were to bring the original 
units into a single consistent line of purpose. Of 
course in a general way the units were consistent 
and homogeneous. They represent the favorable 
attitude toward Jesus entertained by his followers. 
But in detail favorable attitudes can vary quite 
considerably. 

This surviving variety of interests accounts 
for many of the major problems in gospel study 
—hoth those which have long puzzled the scholars 
and occupied the apologists and those which occur 
afresh and independently to any observant reader. 
Simply because now one interest and now another 
has been determinative the sections differ from 
sach other. | No attempt need be made here to list 
or classify these interests. Their variety and con- 
trast can be sufficiently suggested by a few il- 
lustrations. 

The memorabilia of Jesus were valued sometimes 
for what they told about his power and wisdom, 
sometimes for the direction to which they pointed 
men. Thus the miracles from one angle are the 
evidence of his supreme ability, from another they 
taught the need of faith in the patient, or in the 
case of cures at a distance, of faith on the part of 
the patient’s kinsman or spokesman. Usually the 
two can be combined in a single story. Great 
faith in the patient is rewarded by a great miracle 
by Jesus. But when Mark (6:5) implies that 
in his homeland Jesus could not do any mighty 
work because of their unbelief, evidently the im- 
portance of faith is for that particular pericope 
or for that part of the tradition behind it the 
immediately potent motive. 
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Beside their abundant citation of miracles our 
earlier Synoptic sources contained instances of 
Jesus’ refusal of signs. Unlike John, the Synop- 
tic Gospels do not call the miracles that Jesus did 
signs and it is possible to reconcile in these books 
the presence of one and the absence of the other 
by supposing a difference in character between 
them. Yet the miracles attributed to Jesus were 
obviously accepted as indications of his super- 
natural power and as confirmation of his teach- 
ing of the near coming of the Kingdom of God. 
While it is possible that the terms “signs” and 
“mighty works” are used with a real distinction 
and that Jesus refused the one and provided the 
other, the distinction may also be merely one of 
motive in the episode. 

Miracles, including premonitory signs and 
prophecy, are of somewhat ambiguous value. 
They may lead to an appropriate faith. They 
may also be demanded beyond what man ought to 
expect. The delicate balance between their use 
and their disuse in confirmation of a religious 
movement is difficult to strike. I have lately ob- 
served this problem among the early Quakers. 
They found their claim to work miracles in some 
respects a liability and in some respects an asset. 
Like the early Christians they discovered that 
demands were made upon them for credentials 
which they did not feel called upon to supply. 
Their own miracles were as easily discredited as 
those of false teachers of their time. In like 
manner the memorabilia of Jesus contained evi- 
dence that the miracles of Jesus had to compete 
with those of less acceptable origin, or that there 
were times when such credentials were deprecated 
by his partisans. When regarded as in right 
ordering and as confirmatory evidence the evan- 
gelists and their predecessors welcomed them. 
In other moods the tradition was on its guard 
against miracle-mongering and kindred _phe- 
nomena. Some demands were characteristic of 
an evil and adulterous generation and neither be- 
gan nor ended with faith. Again it is a difference 
of approach. Miracles may be useful for instilling 
an attitude of reverence towards Jesus but they 
may not be salutary in the area where patience, 
faith, or self-reliance are called for rather than the 
sasy solutions by which the supernatural is in- 
voked to cut the Gordian Knot. Two out of three 
suggestions of the tempter himself were miracles. 

Similar variety exists in the matter of apoca- 
lyptic teaching in the gospels. Whatever one 
thinks of its trustworthiness, the abundance of 
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their eschatology can hardly be denied. And the 
sayings and parables represent variety of em- 
phasis within the wider consensus of an accepted 
belief in a future program of earthly experience 
and supernatural dénouement. The motives are 
clear but also varied. Men should be warned to 
repent since the kingdom of God is near. They 
cannot postpone their moral duty, lest they be 
caught unprepared or worse, like the servant 
whose absent master instead of delaying came 
home to find him behaving amiss. They cannot 
calculate the exact time for that too would be a 
temptation to interim indifference. At the same 
time they must be warned against false alarms, 
false signs, and other tendencies to predating, for 
these will disillusion them about the whole fore- 
cast. Premature expectation is as dangerous as 
is the false security based on dilatory indifference. 
Once granted among the early Christians a com- 
mon apocalyptic expectation and a desire to ex- 
ploit it for the maximum moral leverage it could 
exert, the material in our gospels when further 
analyzed discloses an extraordinary variety of 
application and motivation within this general 
framework. 

Similarly in the portrayal of Jesus a high re- 
gard common to all the tradition that came to 
our evangelists is subdivided by quite varied 
forms of idealization or commendation, and some- 
times runs seemingly counter to other interests. 
It is quite evident that Jesus is now exalted as a 
son of David in the direct male descent, now por- 
trayed as born without any human father. His 
words sometimes cause astonishment and respect. 
Sometimes it is his deeds. Often his knowledge 
and prescience are emphasized, or his skill in beat- 
ing clever opponents in debate. But beside being 
superlative beyond usual human parallel he is 
also, though I think less frequently, described as a 
model for human behavior. Certainly he is the 
object of characteristic human abuse and ill treat- 
ment. He is accused of casting out demons by 
seelzebul, he is called a gluttonous man and a 
wine bibber, a friend of publicans and sinners. 
Such passages do not directly exalt Jesus. Here 
the tradition is primarily interested in the wicked- 
ness or perverseness of those who rejected Jesus. 
That too was a congenial motive as it passed on 
down into the written gospels and to those who 
continued to use them. His patient death was a 
useful illustration of what his followers might ex- 
pect and of how they should face it. In itself it 
did not especially glorify Jesus. It permitted 
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detailed appeal to Old Testament predictions as 
fulfilled and it served various other subsidiary 
motives. 

The motives, so varied and so natural as they 
are, belong to the individual units in the Gospels. 
They were already present when those units were 
collected and are not therefore an editorial sur- 
charge. The evangelist usually found them con- 
genial and accepted them. He readily overlooked 
their variety and even superficial or subtle con- 
trasts did not bother him. He felt little responsi- 
bility to reduce them to strict unitary tendency. 
First or last each item served some useful pur- 
pose. We cannot tell how far he exercised some 
choice of selection, since we usually do not know 
what available material he omitted. We do know 
that what seems to us at least diverse in motiva- 
tion he retained or combined without serious of- 
fense to his taste or conscience. If he had any 
purpose of his own it is either parallel to that 
of his material or not distinctive enough to be 
conspicuous amid the medley of motifs and mo- 
tives in his material. 

This absence of stringent editorial control is 
reassuring from one angle. It means that the 
final editor has let much of the older matter 
stand. A thoroughgoing conformity to some sin- 
gle motive of his own would not have improved 
the historical value of his gospel, though it might 
have left us with a more easily reconciled collec- 
tion of data about Jesus. At this point the Fourth 
Evangelist seems to me to have gone rather fur- 
ther than the three towards consistency, but that 
is not now our concern. What is important to 
note is that only with the greatest reserve can we 
speak of a prevailing feature of any gospel. To do 
so we would run the risk of assigning to the 
evangelist what was really due to his material, and 
of building into some theory of conscious purpose 
quite diverse elements belonging to the separate 
units rather than to each other. 

For this reason one must view with caution 
such a well-known hypothesis as that of a “mes- 
sianic secret” in Mark. The evidence consists of 
several occasions in the gospel when Jesus en- 
joins silence after his cures, his warning to his 
disciples not to report what was said about his 
Messiahship or what was seen at the Transfigura- 
tion, the absence of explicit avowal of Messiah- 
ship by Jesus himself, and his rebuke to the 
demons who asserted it, the famous cryptic saying 
about the parables as intended to hide rather 
than to make known the secret of the Kingdom 








of God, and the apparent distinction here and 
elsewhere between the disciples as recipients of 
his teaching and the general public. This seems 
an impressive array and for so short a gospel 
sufficient basis for postulating an editorial posi- 
tion. Yet quite apart from the presence of such 
exceptions as Jesus’ command to proclaim a cure 
(5:19) and his formal acknowledgment of Mes- 
siahship (14:62 “I am’’) the material marshalled 
for the theory seems to me to represent several 
quite different motives instead of a single one. 
The secret hidden by the parables is surely not 
quite the same as the identity of Jesus as the Mes- 
siah. What Jesus is reported to have given as an 
explanation of the parable of the seed and sower 
and to have said to the disciples in private about 
unclean food (7:17-23), about divorce (10: 10— 
12), and about the future (13: 1-37) do not con- 
stitute a single type of esoteric material. There 
could be other reasons than those which this 
theory suggests for Jesus’ avoidance of publicity. 
It could be due either to his successful cure of 
the sick or to the utterances of the possessed. 
The former led to inconvenient crowding, a fea- 
ture mentioned elsewhere in Mark. The latter 
may well have seemed more useful to the evan- 
gelists than to Jesus himself. If these items are 
still to be classed all under one rubric, that had 
better be in the plural secrets or in the more 
general term of secrecy.* 

That the Gospel material is normally controlled 
by consistent motivation is a theory that gives er- 
roneous weight, as it seems to me, in the opposite 
direction, when used for example by P. W. 
Schmiedel in his selection of “pillar passages.” * 
His argument is that since there was the uniform 
temptation of evangelists to exalt the goodness and 
knowledge and power of Jesus, any passage in our 
gospels that seems to run counter to that tendency 
is itself free from tendency and hence of peculiar 
historical value. But the exaltation of Jesus is not 
the sole interest of the Gospels. For example they 
are also concerned as we have said to show the 


3 Cf. H. G. Wood, in A. S. Peake, A commentary on 
the Bible, 683, N. Y., Thomas Nelson & Sons, 1920. 
“Wrede’s ingenious theory rests on an illegitimate group- 
ing of details, which do not require and are not capable 
of a common explanation.” But no one does more justice 
than does Wrede himself, Das Messiasgeheimnis in den 
Evangelien, Gottingen, Vandenhoeck & Ruprecht, 1901, to 
the aspect of contradiction in Mark. The evangelist has 
two opposite motives, but they do not cross in his thinking. 

* Encyclopedia Biblica, Art. $139, London, 
A. & C. Black, 1901. 


“Gospels,” 
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wickedness, or faithlessness of those who rejected 
him, and naturally they sometimes yield to this or 
other motives to an extent which seems for the 
time being at least to submerge the interest in 
idealizing Jesus. 

Thus when, in Matthew and Luke, Jesus’ op- 
ponents criticize in turn both Jesus and John the 
Baptist, their sobriquet “a glutton and drunkard, 
and friend of tax collectors and sinners” is cited, 
certainly without approval by the authors of our 
gospels. It serves their immediate purpose of 
showing how wilfully the Jews rejected God's 
spokesmen. There is little reason to think that 
when they were under the influence of such a pur- 
pose they were peculiarly faithful to historical fact. 
Then, as at other times, their selection and formu- 
lation was subject to pragmatic considerations. 

Or again the evangelists were concerned to 
show how important faith is for the believer. This 
they do positively by indicating what obstacles, 
objections, or hesitations Jesus’ patients over- 
come, and they do not avoid making the disciples 
and even Jesus himself interpose objections, 
though from another angle such a remark of his 
as that to the Syro-Phoenician woman or such an 
episode as that of cursing the fig tree would seem 
quite out of character. They do it also negatively 
by reporting the failure of the disciples to work 
cures, to walk upon the sea, to eschew personal 
ambition, or to remain steadfast by Jesus. And 
when in the well-known scene at Jesus’ home town 
we are told that because of lack of faith “he could 
not do any mighty work there,” Matthew's altera- 
tion to “he did not do many mighty works there” 
(13: 58) may show that this author recognized 
that this form of emphasis ran counter to another. 

The so-called Pillar Passages will I think all 
be found to indicate not absence of motivation but 
variation of motivation from the assumed unitary 
scheme. But who will say that the motives they 
represent keep them more faithful to history or 
incapable of invention, as has been claimed for 
them? 

The primitive mixture of motives in the gospel 
material therefore baffles our attempt to approve 
the evangelists as recording objective data unin- 
fluenced by special purpose or to condemn them 
as imposing upon their sources extensive editorial 
revision. For better or for worse these writers in- 


herit divergently motivated units. Perhaps they 


are not conscious always of these motives. In 
They 


that case motif might be a better term. 
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certainly are not worried if the motives or motifs 
are as mixed as they now seem to us to be. 


As an illustration of the problems presented by 
these features of the gospels a discussion may be 
appended of a group of passages that can be col- 
lected under the rubric, “Not I but God.” Chris- 
tian theology has often emphasized the association 
of Jesus with God and has sought to find the maxi- 
mum evidence therefor in the sayings of the gos- 
pels. For this reason we do well to collect and 
appraise the sayings in which Jesus appears to dis- 
sociate himself from the Father. 


They include 
the following in Mark: 


1. His reply to the rich man (it is only Matthew 
that calls him young and only Luke that calls him 
a ruler): “Why do you call me good? 
good but God alone” (Mark 10: 18). 
2. Concerning the time of the parousia: “Of 
that day or that hour no one knows, not even the 
angels in heaven, nor the Son, but only the 
Father” (Mark 13: 32). 

3. In Gethsemane “Remove this cup from me: 


yet not what I will, but what thou wilt” (Mark 
14: 36). 


No one is 


Less explicitly a similar distinction may be found 
in such passages as : 


4. “Whoever says a word against the Son of 
man will be forgiven: but whoever speaks against 
the Holy Spirit will not be forgiven, either in this 
age or in the age to come” ( Matt. 12: 32, cf. Luke 
12:10). 

5. “Not everyone who says to me, Lord, Lord, 
shall enter the kingdom of Heaven, but he who 
does the will of my Father who is in heaven” 
(Matt. 7:21, contrast Luke 6:46). 

6. Similar is the limitation expressed in the 
words to James and John, the sons of Zebedee: 
“To sit at my right hand or at my left is not mine 
to grant, but it is for those for whom it has been 
prepared” (Mark 10: 40). Here the reference 
to God is only implicit in Mark’s passive verb 
“has been prepared.” Matthew correctly inter- 
prets by adding “by my Father.” 


All these passages, it should be noted, are not 
in the Evangelists’ narrative but are given as say- 
ings of Jesus. They seem to belong to the older 
sources, Mark and Q. Furthermore they do not 
simply assert the power and goodness and sanctity 
and knowledge of God. Jesus refers to himself in 
the context with a negative by way of contrast. 
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The “not” implies in each case that about himself 
an opposite view or tendency exists which needs to 
be disavowed. 

To these six synoptic passages perhaps others 
could be added. So we should not overlook the 
change of persons between the question in Acts 
1: 6: “Lord, wilt thou at this time restore the 
kingdom to Israel?” and the reply which again 
indicates that it is the Father who has fixed the 
times or seasons by his own authority. Con- 
sciously or not the Synoptic evangelists represent 
Jesus as deferring to God. This seems to reflect a 
feeling for the humility and human kinship of the 
Son of man. Indeed that very phrase for all its 
transcendent connections may be suspected of hav- 
ing a different significance in some stages or some 
parts of the tradition. The Son of man has been 
made a little lower not merely than angels but 
lower than men and even than the animals, for 
“foxes have holes, and birds of the air have nests ; 
but the Son of man has nowhere to lay his head” 
(Matt. 8: 20 = Luke 9: 58). “The Son of man 
came not to be served but to serve, and to give his 
life as a ransom for many” (Mark 10: 45). 

Such passages were welcomed by liberal scholars 
as the precious indications of a primitive stage in 
the gospel tradition. Nos. 1, 2 and 4 constitute 
three of the nine passages selected by W. Schmiedel 
as the “foundation pillars for a truly scientific life 
of Jesus,” * on the ground that in a movement 
which tended to the worship of a hero such ele- 
ments would not be invented but could only be re- 
tained from primitive tradition. This seems to be 
confirmed by the fact that in 1, for the question and 
answer of Mark, Matthew substitutes “Teacher, 
what good deed must I do? . . . Why do you ask 
me about the good?” (Matt. 19: 16, 17); that in 
2 some manuscripts of Matthew 24: 36 omit “nor 
the Son;” and that for 4 a logion in Mark 3: 28- 
29 runs: “All sins will be forgiven the.sons of men, 
and whatever blasphemies they utter: but whoever 
blasphemes against the Holy Spirit never has for- 
giveness.” 

In instances 5 and 6 it is possible to escape the 
contrast between Jesus and God by emphasizing 





5 Encyclopaedia Biblica, 1901, col. 1881 f. Art. “Gos- 
pels” § 139-141 and other references noted in his Jesus in 
modern criticism, London, A. & C. Black, 1907, p. 22 note. 
For criticism of his principle see writings of the Christ 
Myth school, e.g. W. B. Smith, Ecce Deus, 177-228, Chi- 
cago, Open Court, 1913; J. M. Robertson, Pagan Christs, 
227-238, 1903, The Jesus problem, 188-201, 1917, Chris- 
tianity and mythology, 441-447, 2nd ed., 1936, Jesus and 
Judas, 144-157, 1927, London, Watts & Co. 
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other contrasts. In 5 we can argue that it is a mat- 
ter of saying vs. doing, in 6 a contrast between 
honors applied for by men and honors bestowed 
by God. ‘Man proposes but God disposes.” In 
such contrasts Jesus is merely the speaker and 
does not require classification. 

The fact remains, however, that at some period 
in the history of the synoptic tradition sayings 
of Jesus which seemed to dissociate him from God 
or denied his equal standing were welcomed or at 
least tolerated. That this period was an early 
one is quite possible. With the current chronology 
of gospel criticism their appearance in Q and Mark 
implies an early date. Writers of the Christ Myth 
school reverse the usual chronology and reverse 
the liberal idea of a gradual deification. Accord- 
ing to them the divinization of Jesus is older than 
the humanization, and Mark with its human traits 
is a late Ebionite production. 

Probably both sides are wrong in connecting so 
explicitly the comparative humanity of Jesus in the 
sayings with the comparative priority of the tradi- 
tion. Here as often elsewhere in this body of 
tradition more than one type of factor is at work. 
We are not dealing with a single current moving 
in a constant direction. The features of the gos- 
pels cannot be arranged in a scheme where the 
chronological sequence is determined by the theo- 
logical. The early Christians had several interests 
which they wished to emphasize, and they were 
not too critical when their way of emphasizing one 
interest tended to interfere with another and pro- 
duced what to us would seem obvious contradic- 
tion. As already mentioned, one, perhaps two, of 
the evangelists did not hesitate to assert, both that 
Jesus was born without a human father and that 
he belonged in the unbroken male line of descent 
from David. They were ready to assert his un- 
mistakable Messiahship and also to indicate how 
little ready he himself was to volunteer such a 
claim. They had every reason to wish to identify 
the risen Jesus in appearance with the Jesus who 
had been crucified and buried, but they found it 
desirable to portray his movements as_ super- 
natural and his form as unfamiliar and unrecog- 
nized, 

The compilers of the gospel tradition do not al- 
ways share the motifs of their predecessors. In- 
deed as I have suggested elsewhere those motifs 
have often become “submerged.” * The later edi- 

® Rebuttal, a Submerged Motive in the Gospels, in 


Quantulacumque, Studies presented to Kirsopp Lake, 99- 
108, London, Christophers, 1937, 
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tors tend to retain rather than to sift or adjust the 
material available to them. The excavator of the 
gospels unlike the excavator of gospel sites does 
not find the remains in neatly separated layers of 
historic sequence, but scrambled together like 
the debris of a “disturbed” site. 

That means that we cannot now go back to a 
definite layer when the life of Jesus served mainly 
as a model for men. Certainly much of the gospel 
material has no thought of any “imitation of 
Christ,” and the title of the medieval classic at- 
tributed to Thomas a Kempis has very little scrip- 
tural warrant. In many passages Jesus is to be dis- 
sociated from common man. While the disciple is 
not above his master, the master may well be above 
his disciple. The latter, for example, is not to be 
called rabbi or master as Jesus was (Matt. 23: 8, 
10). The Gospel of John leaves no doubt of this 
contrast. Yet the evangelists almost certainly 
felt that Jesus’ behavior under many circumstances 
was a suitable precedent for his followers. They 
may expect to find themselves confronted with the 
same situations as confronted him. They may 
well conduct themselves as he did. Indeed he 
should be to them an example of voluntary servant- 
ship. And this humility is to be exercised towards 
God and towards men. 

The humility of Jesus is not often emphasized 
nowadays in spite of the explicit references to it 
in the writings of Paul. I may therefore call at- 
tention to two writers who have recently made 
reference to its presence in the gospels. Julius 
Schniewind * finds throughout the first two gos- 
pels not only outward but inward humility in the 
portrait of Jesus. Jesus avoids publicity, as Wrede 
had already pointed out, and Schniewind like 
Wrede is concerned with the so-called ‘Mes- 
sianic Secret” in Mark but he means by the term 
also the modesty of one who sets obedience to 
God before any self-esteem. Even Jesus’ miracles 
in the gospel, accompanied as they often are with 
prayer, show that Jesus did them only by faith and 
by prayer, and in obedience to the Father’s will. 
According to Schniewind one feature of these rec- 
ords, though not the only one, is Jesus as an ex- 
ample to those who have ears to hear, of the hu- 


7 Das Evangelium nach Markus und Das Evangelium 
nach Matthius (Das Neue Testament deutsch, Teilband 
1), G6ttingen, Vandenhoeck & Ruprecht, 1937. For a 


criticism of Schniewind’s position see Marie Veit, Die 
Auffassung von der Person Jesu im Urchristentum nach 


den Neuesten Forschungen, 55-78, Marburg, Hermann 
Bauer, 1946, 
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mility and dependence on God appropriate for a 
true Christian. 

E. C. Colwell also emphasizes the humility of 
Jesus.© It is something that Jesus practiced as 
well as preached. At his temptation he declined 
the power and the glory. His association with 
the outcast was not conscious condescension. He 
was so devoted to the will of God that he left men 
then and now in doubt as to what he thought about 
himself. The six passages listed above fit such 
views of the modesty of Jesus. 

The passages here under consideration, even if 
they were numerous, would not evidence a con- 
sistent emphasis on the humanity of Jesus. They 
arise rather from a stage in Christian thought 
where some other interests were of concern, suffi- 
cient to overshadow any worry about consistency 
as to the placing of Jesus in the divine-human en- 
counter. Probably they should not be classified 
as a motif at all. For example, the early Christian 
found it unwise to predict an exact date for the 
parousia. To keep believers on their toes it was 
useful to affirm both that it was sometime near 
at hand and also that its exact date was not and 
could not be known. Sayings of Jesus to the latter 
effect were a valuable corrective against the peren- 
nial human habit of prediction. The unknowability 
of the day and the hour was expressed with char- 
acteristic exaggeration. The gospels are given to 
absolutes, to overstatement. God only knows. 
Men do not; even angels do not; even the Son 
does not know. Only a prosy precisionist would 
think under such circumstances of the conflicting 
claims of Christ’s omniscience even if he had ever 
heard of such an idea. When on another occasion 
Jesus says to his disciples: “It is not for you to 
know times or seasons which the Father has fixed 
by his own authority,” do we expect Jesus to add: 
“But of course I know them”? Probably a similar 
traditional emphasis on the unique goodness of 
God, on his inviolable sanctity, and on his con- 
trol of initiative in all matters of reward and pun- 
ishment, underlies others of the sayings collected 
above. This emphasis is no less Jewish than 
Christian. In fact one may suspect that Christian- 
ity never perfectly adapted its own motifs to the 
Jewish motifs, any more, than it reconciled its 
own motifs with one another. 

The words in Gethsemane suggest a different 
explanation. While the imitation of Christ is not 
a prevailing interest of the evangelists, in the 


‘An approach to the teaching of Jesus, 54-90, N. Y., 
Abington-Cokesbury Press, 1947. 
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area of persecution and martyrdom one suspects 
that Jesus is being portrayed in the Gospels as a 
model.? Subjection to God’s will in the passive 
sense on the part of Jesus interested the Christians 
but not because they wished to show that his own 
conduct confirmed his advice to others. I do not 
believe the gospel writers cared whether Jesus 
“practiced what he preached,” to use our modern 
slogan. They were ready, however, to find in him 
either by precept or by example the pattern for 
their own way of facing trial and death. How 
far they accommodated that pattern to his ex- 
ample and how far they accommodated his example 
to their pattern one cannot now tell. The latter 
may well have been the easier process. In Geth- 
semane his behavior could only be a useful norm 
if it suggested the tension so common to the Chris- 
tian confessor and martyr, the tension between the 
will of God and the natural human shrinking be- 
fore pain and death. 

That the follower of Jesus should submit to the 
will of God is as congenial a thought to the evan- 
gelists as that he should actively strive to do that 
will. The Christian too is to pray “Thy will be 
done.” He too is ignorant of the day and the hour 
of the parousia. Like his master at Gethsemane, 
he must watch and pray. He too is to admit his 
imperfection before God. When he gives a good 
confession before governors and kings it is not 
he that speaks but the Holy Spirit. These ideals 
for the disciples reported by the evangelists from 
the lips of Jesus coincide with the scattered say- 
ings of Jesus about himself on the note “Not I 
but God.” 

I have confined my examples to the synoptic 
Gospels. However, the Gethsemane motif of vol- 
untary submission to the will of God suggests the 
Gospel of John. In that book in spite of extreme 
examples to the contrary the dissociation of Jesus 
from God seems a far more pervasive and self 
conscious motive, as counting up the occurrence of 
the phrases “not of myself,” “not of himself,” easily 
indicates. (There are more than a dozen instances 
beginning with 5: 19.) The relation of Jesus to 
God is throughout this book so obviously intended 
as a parallel to the relation of the believer to God 
(or rather perhaps to Jesus) that the metaphysical 
dissociation is a precondition of moral union. It 
is by no means an expression of humility, but a 
claim of God acting in Jesus. Here we do have 
a really consistent motif, “not I but the Father,” 





” D. W. Riddle, The martyr motive in the Gospel ac- 
cording to Mark, Jour. Religion 4: 397 ff., 1924. 
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but that it is employed in the interests of putting 
Jesus back into history or sound psychology is 
not evident. It suits a high Christology rather 
than an exaggerated humility. For somewhat dif- 
ferent reasons the Epistle to the Hebrews makes a 
like impression. That these human traits are more 
historical than the superhuman one cannot affirm. 
Even if they are just as imaginative as the others 
they naturally possess more verisimilitude, for 
the writers were on more familiar ground. 

So far as the Synoptic Gospels are concerned 
the “not-I-but-God” motif cannot be maintained 
as a major factor. I have used it to show by an 
unfamiliar collection of passages how specious such 
attempts at classification of motives can be. As 
with other theories the instances do not aim to 
emphasize what they agree in saying. Their main 
intentions are something quite different from that 
and different from each other. The mixture of 
motives is more conspicious than the unity. 

In collecting this group of sayings I have no 
thought of substituting a new editorial theory for 





CADBURY [PROC. AMER. PHIL. soc 


an old one. As with the older theories, the sug- 


gested motif is not a mark of conscious purpose 
of the evangelists carried through with even par- 
tial consistency. In representing Jesus’ humble 
piety under circumstances of trial or interrogation 
the tradition naturally reflected the piety and hu- 
mility characteristic of its own confessors or modest 
teachers. Unconsciously these served as a model 
for the supposed conduct of Jesus rather than 
vice versa. The church without abrogating its 
high claims for Jesus slipped into this kind of 
anthropopathism. These passages do not show a 
separate motive, nor a separate strand in the tradi- 
tion. They show merely that in the welter of in- 
dependent units, each told for its own sake, more 
than one way of selecting and marshalling the ma- 
terial is now possible. To claim “not I but God” 
as a distinctive motive characteristic especially of 
Jesus or of his reporters would be to fall into one 
of the errors against which this paper was directed. 
It would be to take seriously what I have intended 
but as a tour de force. 
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REVISIONS OF THE LORENTZ TRANSFORMATIONS 





HERBERT E. IVES 


Physicist (retired), Bell Telephone Laboratories 
(Read October 27, 1950) 


I. THE LORENTZ TRANSFORMATIONS 

IN THE first years of the present century H. A. 
Lorentz, developing his theory of electrons, 
devised certain relations holding between the 
descriptions of events on relatively moving bodies 
These relations had the property that the electro- 
magnetic equations hold whether expressed in 
terms of a primary (stationary) reference system, 
or one in motion relative to the primary system. 
Lorentz gave no distinctive name to the philo- 
sophical principle which prompted him to seek 
relations of this form, and acknowledged that he 
arrived at them by a series of trials and inven- 

tions. ; 

Il. THE REVISION BY POINCARE 


In 1904 Henri Poincaré, crystalizing the con- 
tent of his essays which had appeared over a 
period of years, listed’ among the principles of 
physics a generalization of the results of the 
Michelson-Morley Experiment which he named 
“The Principle of Relativity’’ and formulated it 
as follows: 


The principle of relativity, according to which the 
laws of physical phenomena should be the same, 
whether to an observer fixed, or for an observer 
carried along in a uniform motion of translation, so 
that we have not and could not have any means of 
discovering whether or not we are carried along in 
such a motion. 


The following year, in a paper in the Comptes 
Rendus,? entitled ‘‘Sur la dynamique de l’electron”’ 





mathematique,”’ address delivered before the International 
Congress of Arts and Sciences, St. Louis, Sept. 24, 1904; 
published in the Proceedings of the Congress, 1: 604, 1905. 
The address was also published in full in La Revue des 
Idées, 801, Paris, Nov. 15, 1904; in the Bulletin des Sciences 
mathematiques, 302, Paris, Dec. 1904; in an English trans- 
lation in The Monist, 1, Jan. 1905. The same material is 
incorporated in Poincaré’s book La Valeur da la Science, 
1905. Earlier statements of the same idea, without giving 
it a distinguishing name, are made by Poincaré in L’ Eclair- 
age Electrique Oct. 5, 1895, and at the International Con- 
gress of Physics, 1900. 

* Poincaré, H., Sur la dynamique de I’electron, Comptes 
Rendus, 140: 1504, 1905. Under the same title he presented 
a much more elaborate paper before the Circ. Mat. di 
Palermo in July 1905, which was published in the Rendi- 
conti 21: 166, 1906. 


Poincaré made certain revisions to Lorentz’ 
equations to make them conform to his principle 
of relativity. He proposed that these revised 
equations, ‘‘a little different from those of 
Lorentz,’’® be called ‘‘The Lorentz Transforma- 
tions,’ and it is these equations, which have 
figured prominently in theoretical physics, which 
are so called to this day. 
Of Poincaré’s work Lorentz said :4 


For certain of the physical magnitudes which enter 
in the formulas I have not indicated the trans- 
formation which suits best. This has been done by 
Poincaré, and later by Einstein and Minkowski. 
My formulas were encumbered by certain terms 
which should have been made to disappear, ... I 
have not established the principle of relativity as 
rigorosly and universally true. Poincaré on the 
contrary, has obtained a perfect invariance of the 
electromagnetic equations, and he has formulated 
the ‘“‘postulate of relativity,’’ terms which he was 
the first to employ.... Let me add that in thus 
correcting the imperfections of my work, he has 
never reproached me with them. 


Ill. SOME FEATURES OF THE LORENTZ- 
POINCARE TRANSFORMATIONS 


The Lorentz transformations, incorporating 
the changes by Poincaré, are as follows: 


ieee P 
Xx. = (x1 = vn) / => ae (1) 
Cc. 





Je = Vis (2) 

22 = 21, (3) 
Ve\ / [v 

ty = (1, = sy / yi eT ee (4) 
Cc 


3 Where Lorentz used x2 = 6x1, [8 = (1 — v?/c?)“#], te = 
t,/B — Bvx,/c?, Poincaré put x2 = B(x. — vt), and te = Bt 
— vx,/c*). In stating his equations Poincaré used the value 
unity for the velocity of light, a practice often subsequently 
followed, but to be condemned since it obscures the di- 
mensional homogeneity of the equations. 

4Lorentz, H. A., Deux memoirs de Henri Poincaré, 
Acta Mathematica 38: 293, 1914. See also, Webster, A. G., 
Henri Poincaré as a mathematical physicist, Science 38: 
901-908, 1913, for a similar appraisal of Poincaré’s contri- 
butions. 
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where %1, Vi, 21, are distances traversed by a 
particle or signal in one frame of reference, x2, 
Ye, 2, distances in the second frame of reference, 
V the velocity of the frames with respect to each 
other; ¢; and fy are similarly the times (i.e. the 
differences in time between the passages of the 
particle across the two ends of its path) in the 
two reference systems, and c is the velocity of 
light. 

These equations lead, in the hands of the 
discerning student, to several striking conse- 
quences. They contain the Fitzgerald-Lorentz 
contraction of lengths (which was put in them by 
Lorentz), as well as a parallel effect in connection 
with times (described by Larmor® ‘‘The scale of 
time is enlarged in the ratio 1/Vi — V2/e”). 
They contain a formula, different from that of 
Newton, for the addition of velocities, a formula 
given by Poincaré in the papers referred to. 
Finally they contain a momentous consequence 
with regard to the velocity of light. If 


x2 + yi + 2,°/t; has the value c, then also 
Vxo? + yo? + 22?/te = c, that is, the velocity of 
light is the same in both systems. 

This latter consequence of Lorentz’ scheme was 
pointed out by Poincaré in 1900,§ when, in dis- 
cussing what he termed Lorentz’ ‘beautiful 
invention” of “‘local time’ (equation 4 above), 


he remarked that this could be obtained by using 
light signals, “‘ignoring’’ that the velocity of light 
is different on bodies moving relative to each 


other. Poincaré in this remark was referring to 
the fact that the velocity of light is, from physi- 
cal and astronomical evidence, independent of 
the velocity of source or other matter. Thus if 
a briefly opened shutter at one end of a platform 
sends a flash of light to a target at the other end, 
the flash arrives at the target as a single pulse, 
even though the light falling on the shutter 
originates from a multiplicity of sources or 
mirrors in all states of motion relative to the 
shutter. A second similar platform moving at a 
different speed closely parallel to the first, so 
that their shutters are coincident when opened, 
will note the arrival of the flash at the first 
platform’s target at a position different from its 
own target. These two different distances, 
divided by what is clearly a common elapsed 
time, yield two different velocities. A procedure 
which calls these velocities equal Poincaré did not 
consider further. 


5 Larmor, J., Aether and Matter, 177, Cambridge, 1900. 
® Lorentz Festschrift, Arch. Neerl, ser. 2, 5: 252, 1900. 
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This observation of Poincaré on an operation 
for arriving at the transformations, unacceptable, 
even though it accords with their literal inter- 
pretation, brings out a deficiency in them, namely 
that they are silent as to valid procedures by 
which the factors involved are to be established 
by measurement. Time was time, and distance 
was distance; how they are to be measured did 
not bother mathematical physicists. Not going 
into the details of measurement, Lorentz obtained 
his transformations by what he described as 
‘par tatonnement,” and Poincaré arrived at his 
revision by casting about for the necessary 
changes which would make the transformations 
fit his principle of relativity. Other possible 
changes, which would not impair this fit, but 
would take into account logical and operational 
requirements, did not claim his attention at that 
time. 


IV. THE PRINCIPLE OF THE CONSTANCY 
OF THE VELOCITY OF LIGHT 


In 1905 Einstein,? some months after the 
appearance of Poincaré’s paper in the Comptes 
Rendus, published his famous paper on ‘The 
Electro-dynamics of Moving Bodies.’’ In this 
paper he proposed two principles: the first, 
“The Principle of Relativity,’ is the same in 
name and content as Poincaré’s principle of 
relativity of the year before; the second, ‘‘The 
Principle of the Constancy of the Velocity of 
Light,’ elevates to a principle the observation 
which Poincaré made and dismissed as ignoring 
the physical facts. This “principle’’ is that the 
velocity of light zs the same on all relatively 
moving bodies. Adhering at the same time to 
the independence of the velocity of light from 
that of the source, Einstein thus asked the ac- 
ceptance of a paradox. Accepting the paradox 
he arrived at the identical form of the trans- 
formations as given earlier by Poincaré, and drew 
from them the implicit consequences listed above. 
He also decreed a pseudo operational procedure 
for obtaining them. Distances were to be 
measured by rods laid end to end, distant clocks 
were to be set by light signals ascribed the velocity 
c. This proposed procedure performed the 
important service of reminding mathematical 
physicists of the plea made by Faraday to 
Maxwell, that there must be a physical meaning 
for the terms of equations of physics, but fell 


7 Einstein, A., Zur Electro-dynamik bewegter Kérper, 
Annalen der Physik; ser. 4, 17: 891, 1905. 











VOL. 95, NO. 2, 1951] 








short of actually meeting the requirement. The 
assignment of a definite value to an unknown 
velocity, by fiat, without recourse to measuring 
instruments, is not a true physical operation, it 
is more properly described as a ritual. 

This “‘principle of the constancy of the veloc- 
ity of light’ has had an extraordinarily wide 
appeal. At one extreme we find the physicist 
Planck hailing it as providing an ‘‘absolute’’ to a 
science drifting into an anchorless sea of rela- 
tivity and indeterminancy. At another we find 
the paradox it involves appealing to the popular 
love of the mystical, possibly because it echoes 
certain tenets of theologians, such as the ‘“‘Credo 
quia absurdum est”’ of Tertullian. It has not, 
however, been accepted with complete unanimity 
by logically minded physicists or critical philos- 
ophers of science. Among the latter A. Wenzl, 
writing recently on the philosophical aspects of 
the problem* quotes characterizations of the 
principle as a “‘logical contradiction’”’ and as 
“ununderstandable.”” Wenzl leaves the philo- 
sophical problem unresolved, and decides that the 
principle must be swallowed because it validates 
itself in experience, “objective matters of fact 
seem therefore to provide the foundation.”’ Ejin- 
stein likewise invoked supposed experimental fact 
to support his principle, saying ‘The quotient 
(distance by time) is, in agreement with experi- 
ence, a universal constant c, the velocity of light 
in empty space.” 

This appeal to experiment to support a logical 
contradiction, is however invalid. The ‘‘experi- 
ence” cited is the customary laboratory measure- 
ment of the velocity of light by signals sent out 
and back, while the Lorentz transformations 
describe signals sent im one direction. No 
precision experiment of this sort has been per- 
formed ; it would require, as compared with the 
experimental equipment adequate for out and 
back measurement, additional instruments, whose 
behavior under manipulation would have to be 
established and taken account of. It is an 
unwarranted assumption that such a measurement 
would yield the value ‘“‘c’’. Anticipating the 
analysis given later in this paper, it develops that 
the velocity of light measured by signals sent in 
one direction is not ‘‘the universal constant c.”’ 
The “‘principle’’ of the constancy of the velocity 
of light is not merely “‘ununderstandable,”’ it is 





8Schilp, A., ed., Albert Einstein: philosopher-scientist, 
583, Evanston, IIl., The Library of Living Philosophers, 
Inc., 1949, 
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not supported by ‘“‘objective matters of fact’’; it 
is untenable, and, as we shall see, unnecessary. 


V. A SECOND REVISION OF THE 
LORENTZ TRANSFORMATIONS 


The revision of the Lorentz transformations 
to which we now proceed constitutes a new 
formulation, by a new method of derivation. It 
is entirely in terms of performed operations and 
observed (not ascribed) quantities, thus con- 
forming to the operational principle championed 
by P. W. Bridgman. By strict adherence to this 
operational requirement the important result 
emerges that we free the transformations from 
the unsatisfactory mystical and logically contra- 
dictory features inherent in their earlier formu- 
lations and derivations. 

The derivation depends upon precise knowl- 
edge of the properties of the rods and clocks used 
to measure lengths and times. To establish 
these properties we make use of the independence 
of the velocity of light from that of the source or 
other matter, and Poincaré’s principle of rela- 
tivity, finding the way in which these may be 
brought into harmony. We do this by consider- 
ing in order the measurement of the transit time 
of a light signal sent out and back on a measuring 
platform, and of a signal sent in one direction. 

On any randomly chosen material platform 
consider a light signal proceeding from one end, 
at which is a clock, to a reflector at the far end, 
and back to the clock. Because of the independ- 
ence of the velocity of light from that of matter 
we may expect the velocity of light in the out 
and back directions, in terms of divisions on the 
platform, and the clock at the origin, to be in 
general different. Call the out and back veloc- 
ities co and cy. Then for a platform of read 
length d, the out and back times fp and f», will be 


Calling the total time out and back ¢, 


we then have the following relations: 


d d Co t+ cp 2 

tabtn=S4¢Sng(2t .§ & 
Co Cb Cold 

We call on the principle of relativity, which de- 
crees that this time shall measure the same what- 
ever the motion of the platform. Call this time 
2d 
t=—, (6) 


then 
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on all platforms. A point of great importance 
may here be noted. It is that we do not need to 
assign definite individual values to cp and cy, such 
for instance as calling them equal as is done in 
Einstein’s arbitrary ‘‘definition”’ of simultaneity.’ 
We carry these in our calculations as real al- 
though undetermined quantities, and the relation 
just given suffices to make them disappear in the 
subsequent development in favor of the constant 
C. 

Taking up our position on this initial material 
platform, consider another platform of length /, 
moving parallel to it with a velocity W, in terms 
of the divisions on the initial platform and the 
clock at its origin. We then have for the out 
signal on this second platform 


1+ Wto = Cobo, (8) 
and for the back signal 

1 — Wts = Coto. (9) 
The total transit time is then 


t=to t+ to 


. i(« + ee) /(1 7 wi *) 
Cold Co Cb 
VV 7 
= 2 | (1 _ (1 + ~). (10) 
Co Cb 


By the principle of relativity this out and back 
transit time, when measured by a clock at the 
origin on the second platform, must be the same 
whatever the value of W, that is, W must disap- 
pear. The conclusion to which we are forced, is 
that the measuring instruments on the moving 
platform must be altered in their indications by 
their movement. We accordingly assign to them 
new readings of length and time, when in motion, 
according to the notation 


1 = I'fp(W), (11) 
i 
i dee Seen 2 
= FW)’ on 
where 
W W 
fo(W)fr(W) = (1 -- E \(1 oo “), (13) 
so that 
2 - 
=~ ( 


from which W has disappeared. 
The individual values of fo(W) and fr(W) are 
not obtainable from the consideration of out and 
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back signals alone. To determine them we next 
consider a light signal proceeding out from one end 
of the moving platform to the other, with the 
velocity co — W relative to the platform. At 
what time will it reach the far end? We have 
thus far been concerned only with a clock at one 
end, we must now have a clock at the far end, and 
must set it at some definite relation to the first. 
We cannot set it by means of a light signal of 
velocity co — W, because this is not known. We 
are not justified in calling this velocity c, as the 
so-called principle of constant light velocity asks, 
because this would be to “‘‘ignore’’ the physical 
reality of the independence of velocity of light and 
matter. We resort—and this. is the new feature 
of the treatment—to the performable and ob- 
servable operation of moving a clock from one end 
of the platform to the other, at a rate measured by 
the clock itself, that is by the number of divisions 
passed over by the clock, divided by the elapsed 
time as indicated by the clock. 

Since a moved clock, as concluded above, is 
altered in rate by its motion, and since this effect 
is cumulative, the moved clock will indicate a 
different epoch from the unmoved one. We 
investigate the amount of this change of epoch in 
terms of the as yet individually unknown func- 
tions fp and fr, and determine the signal transit 
time as indicated by the difference in reading 
between the moved clock and the clock “‘station- 
ary” at the origin. We then assume that the 
independence of motion found in the Michelson- 
Morley experiment for out and back signals shall 
also hold for one way signals. We do not assume 
that this measurement will yield the value c. We 
prescribe only that the principle of relativity 
shall hold, that is, that W shall disappear from 
this two-clock expression for transit time. From 
this investigation (for the details of the calcula- 
tions the original papers*!° should be consulted), 
we find the exact values of fp(W) and fr(W), 
which are . 


; s W\f.. W\ ... 
fo(W) = fr(W) = v(i - =a + *). (15) 


that is, the lengths of the measuring rods, and 
the frequencies of the clocks, on the moving 
platform, are altered by the same factor. This 





* Ives, H. E., Extrapolation from the Michelson-Morley 
experiment, Jour. Optical Soc. Amer. 40 (4): 185, 1950. 
Also, Corrigenda, ibid. 883, 1950. 

10 Ives, H. E., Lorentz-type transformations as derived 
from performable rod and clock operations, Jour. Optical 
Soc. Amer 39 (9): 757, 1949. 
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alteration may be either a contraction or an ex- 
pansion, depending on the relative values of 
cy and ©. 

From these calculations we obtain for the time 
of arrival of the one-way light signal, as measured 
by the use of two clocks, one stationary and one 


moved, 
y r 2 
t "F(a $- 1), 
cc 6@q C 


where g is the self measured velocity of the moved 
clock. From this expression all the velocities 
which are unknown on the moving platform, 


namely W, co, and cs, have disappeared. The 
/ 









(16) 








clocked time is not — as implicit in the Lorentz- 
c 





Poincaré transformations, and demanded by the 
“principle of constant light velocity.”’ It is 
invariant for any given value of g, but is inde- 
pendent of W in accordance with Poincaré’s 
principle of relativity. 

Let us consider some consequences of the ex- 
pression just quoted. Solving for the ratio of 
read distance by read time we arrive at the same 
value for all moving platforms, namely 



















l 
_ a (17) 


v Cc g 


This constant ratio (not equal to c) should not be 
called the velocity of light; we have consistently 
used this term for the quantity, different from 
one moving body to another, in which one clock 
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at the origin is used to measure time. 
term, such as “rod-clock-quotient,” 


A new 
with a 
notation to indicate the use of two clocks, is 


called for. Continuing our contemplation of 
this expression (16), we note the possibility of 
some interesting situations. If two light signals 
arrive at the same point in space at the same 
time—a truly simultaneous event—they will be 
recorded on two relatively moving platforms as 
coinciding at two different clocked times. Con- 
versely two events at different points in space at 
different times can be recorded as occurring at 
the same clocked time. A differentiation be- 
tween ‘“‘simultaneous’’ and ‘‘synchronometric”’ 
events is called for. 

Proceeding next to the investigation of events 
other than the arrival of light signals, we consider 
a particle of any sort projected from one point to 
another, as measured on two relatively moving 
platforms. On each we set the clocks at the 
arrival point by moving them over the particle 
path at self measured velocities q, utilizing the 
factors above obtained for the alterations of 
measuring rod lengths and clock frequencies." 
We do not know W, and Ws, the velocities of the 
two platforms, but we can get their measured 
difference on one platform, in terms of its scale 
readings and of a clock moved parallel to the 
direction of relative motion, at a self measured 
velocity, and thus make them disappear in favor 
of observed quantities. We reach the goal of our 
study in a set of revised Lorentz-Poincaré trans- 
formations. These expressions, from which all 
unknown velocities have disappeared, are as 
follows: 
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It is mathematically more convenient in this two plat- 
form problem to use as the initial reference system a possible 
though not identifiable platform moving at such a velocity 
that co = cy = c. This amounts toa different value of W, 
but since W is made to disappear from the final expressions, 
the end result is the same. This isotropic reference sys- 










| oe | ; (18) 
< d ’ 2 
jr + 2] fn +S — 1] 
; q a 
N a. ce 
ya! = yi! a a (19) 
(r,’ oa NV x," + yi” + 21", ro! = V x" + yo” + 22""), 
Zo = 2,’ (20) 


tem, in which cy = cy = c, and the alterations of lengths 
and frequencies are contractions of value vi - W?2/c?, is 
identical with the light transmitting medium or ‘‘aether’’ 
of Larmor, and the “ether” to which Lorentz unswervingly 


adhered. 
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which has the value c on all platforms. That a 


In these expressions every symbol represents a 
performable measurement whose result is ob- 
servable on a measuring instrument. The 
primes represent measured distances by measur- 
ing rods laid end to end, in one case; time 
intervals by clocks at the positions of events, in 
the other. In order we have, on the left, x», 
yo’, 29’, the cartesian coordinate measurements of 
the event in system B; ro’ ( = Vxe"?+ye"+2”) 
is the measured distance between origin of coor- 
dinates and the event; q is the self measured 
velocity of the clock moved to the point of the 
event; c is the velocity of light as measured by 
out and back signals along any path. On the 
right we have the similar quantities for system 
A, with the addition of d,;’ and tg’. These area 
read position and corresponding read clock time 


of the origin of platform B along the axis of 
/ 


_ ai. 
motion on platform A, that is = is the read two- 
d 


clock rod-clock-quotient of one platform with 
respect to the other. 

These complete Lorentz-type transformations 
are expressions of considerable apparent com- 
plexity. A preferable description is that they 
contain a great deal of explicit information. 
Complexity of this sort is the price we have to 
pay for equations which tell a complete and 
unambiguous story in symbols all of which have 
a definite operational meaning. In return for 
this complexity we free ourselves from the logical 
contradiction and paradox which have long 
dogged this subject, and which result from the 
too naive use of the terms ‘‘distance,” ‘“‘time,”’ 
and ‘“‘velocity.”” Thus in these equations we 
find that it is not, as in the Poincaré revision, the 
velocity of light which is equal to ¢ on all moving 
platforms, it is the quotient 


(22) 


quotient involving readings of rods and clocks, in 
combination with terms describing their method 
of use—a quotient derived in full recognition of 
the independence of the velocity of light from 
source or other matter—can have the constant 
value c, is understandable, while the paradoxical 
“constancy of the velocity of light” is not. 

In further regard to the complexity” of these 
equations it is to be noted that they are capable 
of quite simple expression if new symbols are 
used for the long-bracketed terms. Thus if we 
write 

d,’ 


ie 


r;' 2 S 
ty’) + : Re + f - | =7;, (24) 


, ro! ¢ Ty 
w+ TiNita-! = T., (25) 


the transformations become 
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Ys = yi’, (27) 
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2 If in these transformations g is put equal to zero, they 
take the Lorentz-Poincaré form. This means that the 
setting clocks would not be moved, the distant clocks would 
have no epoch allocated, and the measurement could not 
be made. The Lorentz-Poincaré transformations are thus 
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when the rate of movement of setting clocks is negligibly 
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These it is seen at once are of exactly the form 
of the Lorentz-Poincaré transformations. The 
consequences of the latter, listed above, with 
regard to the velocity of light, the contractions of 
lengths and clock frequencies," the addition of 
velocities, are mimicked in these equations in 
terms of the new variables T and V, which are 
operationally defined by equations (23) to 
(25). 

In the formulation just described, this second 
revision of the Lorentz transformations may be 
conveniently comprised by the substitution, in 
the Poincaré form, of a new set of symbols, which 
have operational connotations lacking in the 
original symbols, whereby the paradoxical im- 
plications of the earlier formulation are avoided. 
However to consider this as simply a refinement 
of the Poincaré formulation is not adequate. As 
we have seen, Lorentz arrived at his formulae by 
a process of invention and accretion; Poincaré 
arrived at his by giving Lorentz’s equations a 
mathematical going-over to make them fit his 
principle of relativity; Einstein derived the 
Poincaré equations by the use of a paradoxical 
and untenable “‘principle.’”” Here the relations 
between phenomena on relatively moving bodies 
are derived, for the first time, by unobjectional 
processes, in complete conformity with Poincaré’s 
principle of relativity and the accepted physical 
characteristics of radiant energy. 


18 Experimental confirmation of the findings of this study is 
provided at one end by the Michelson-Morley experiment 
with its null result, which initiated the problem, and at the 
other by the Ives-Stilwell experiment, which demonstrated 
by a positive result, the variation of clock rate with motion. 
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VI. SUMMARY AND DISCUSSION 


This study has been based on the use of three 
postulates: first, the physical fact of the inde- 
pendence of the velocity of light from its source 
or other matter ; second, the principle of relativity 
of Poincaré"; third, the operational principle of 
Bridgman, which requires that all symbols 
represent purely physical operations and ob- 
servations. By the use of these, new expressions 
for the description of events on relatively moving 
bodies have been obtained. These expressions 
are similar to the Lorentz transformations as 
modified by Poincaré, but contain additional 
terms which provide the operational definitions 
lacking in the Lorentz-Poincaré equations. 

From the philosophical standpoint the impor- 
tance of these revised equations lies in the fact 
that they dissipate the logical impasse and the 
mysticism which have long been associated with 
this subject. Also of philosophical import is that 
with the abandonment of the “principle” of the 
constancy of the velocity of light, the geometries 
which have been based on it, with their fusion of 
space and time, must be denied their claim to be 
a true description of the physical world. 


14 The principle of relativity was listed by Poincaré as 
coordinate with other fundamental principles of physics. 
It is shown elsewhere (Ives, Derivation of the Lorentz 
transformations, Phil. Mag. 3: 392, 1945) that the contrac- 
tions of lengths and frequencies, which are the immediate 
tools by which the transformations are constructed, are 
derivable by applying the principles of the conservation of 
energy and momentum to radiation-matter interactions. 
The principle of relativity may therefore properly rank as a 
consequence of the general validity of the conservation 
laws, and the Lorentz transformations as belonging in their 
domain—which is where Poincaré expressed the belief they 
would end up. 
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INTRODUCTION 


SINCE the description of the genus by Lin- 
naeus in 1753, species determination in Physalis 
has been in a state of confusion. This has been 
due in part to faulty description and misapplica- 
tion of species nomenclature, and in part to the 
fact that most of the members of the genus are 
morphologically rather similar. Many of the 
detailed characters which have been resorted to 
in species diagnosis are not only difficult to 


1From a dissertation submitted to the Graduate 
Faculty of the University of Virginia in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 
I wish to express appreciation to Dr. O. E. White for 
suggestions and criticism during this study, and to the 
many persons who kindly furnished seed and rhizome 
collections. 


determine from herbarium material, but subject 
to genetic and environmental variation within 
species. Often, as Rydberg has pointed out 
(1896), intergrading specimens are found between 
allied species. It therefore appeared desirable 
to bring data from chromosome number and 
morphology, intraspecific variability, and inter- 
specific crossing behavior to bear on the problem 
of species delimitation and relationships in the 
genus. This paper is a report of an exploratory 
survey of the genus from the cytological and 
genetic point of view. 

Physalis is placed by von Wettstein (1895) 
in the Solanae-Solaninae, which contains also 
Chamaesaracha, Athenaea, Withania, Saracha, 


Capsicum, Solanum, and a few other genera. 
In vegetative characters, seed and fruiting calyx, 
PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL. 95, No. 2, APRIL, 1951 
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it also shows affinity with Margaranthus (Sola- 
nae-Lyciinae) and Nicandra (Nicandrae). In 
general, the genus constitutes a natural group of 
annual and perennial herbs characterized by 
solitary flowers borne at axils of the leaves and 
branches, open-campanulate to rotate corolla, 
anthers opening by a longitudinal slit, and fruit 
a biloculed, pulpy berry inclosed in the persistent, 
inflated and usually 5—10 angled or ribbed calyx. 
A group of seven species? in southern Mexico 
and Guatemala differ in having more or less 
woody stems and fasciculate flowers, and may 
constitute a distinct group of either generic or 
subgeneric rank. Standley and Steyermark 
(1947) retain them in Physalis for the present. 
P. carpentert Riddell from Florida also has 
fasciculate flowers. The genus is connected with 
Chamaesaracha (persistent calyx inclosing the 
berry but not inflated) through the anomalous 
species P. grandiflora Hook. in the form of the 
corolla and fruiting calyx, and through P. lobata 
Torr. in seed, berry, corolla, and vegetative 
characters. The last two species are considered 
the types of distinct genera, Leucophysalis 
Rydb. and Quincula Raf. respectively, by 
Rydberg (1896), the latter at least probably 
rightly so. The bearing of cytological data on 
the relation of Margaranthus, Saracha, and 
Quincula to Physalis have been discussed in a 
previous paper (Menzel, 1950). 

Estimates of the number of species vary from 
45 (von Wettstein) to about 140 (Index Kewen- 
sis). The latest estimate is around 80 (Rydberg, 
1933). As there are undoubtedly a number of 
undescribed species in Central and South Amer- 
ica, Rydberg’s estimate is probably a conserva- 
tive one. Physalis is principally confined to 
temperate and tropical America, with a few 
species in East Asia, India, Australia, Europe, 
and tropical Africa. 

Several species have been cultivated for their 
fruits, in particular P. peruviana, the Cape 
Gooseberry, a popular jam fruit in many parts 
of Australia, South Africa, India and New Zea- 
land, and widely escaped from cultivation in the 
tropics; P. pruinosa, available from American 
seed companies as a jam fruit of home gardens; 
and P. ixocarpa, a popular sauce and relish 
fruit in Mexico and Central America. P. 
alkekengi, the winter cherry or Chinese lantern 





*P. amphitrica (Bitter) Standl. and Steyermark, P. 
amica, P. calidaria and P. chimalteca Standl. and Steyer- 
mark, P. melanocystis (Robinson) Bitter, P. 


mayana 
Standl., and P. porphyrophysa Donn. Smith. 
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plant, has long been cultivated for its ornamental 
fruiting calyces. There are numerous reports of 
the fruits and sometimes the leaves of various 
wild species having been used for food by the 
Indians of North, South, and Central America. 
So far as is known, the genus contains no harmful 
alkaloids, and some of the species may have 
potential value as fruit crops of greater import- 
ance than they now enjoy. 

No comprehensive study of the genus exists. 
Rydberg, in his monograph of the North Amer- 
ican species of Physalis and related genera 
(1896), reviewed the works of earlier authors 
and did much to untangle the synonymy of the 
better known species of this area, but his treat- 
ment was far from adequate, as he himself 
pointed out. In later treatments for the ranges 
of the Flora of the Southeastern United States 
and the Manual of the Southeastern Flora 
(Rydberg, in Small, 1903 and 1933), he revised 
his concept of some of the annual species, and 
subdivided several complex perennial species 
on the basis of minute differences in pubescence, 
leaf shape, and flower and fruit characters. 
Although keys are given in other standard 
floras, these three works of Rydberg have proved 
most helpful in the course of this study, and, 
unless otherwise stated, his nomenclature is 
followed here. 


MATERIALS AND METHODS 

The original collection of living material, 
of about 30 numbers, was assembled by Margaret 
Pfluge Gregory and turned over to the author in 
July, 1945. Additional collections have been 
obtained from botanic gardens, seed companies, 
and as gifts from individuals. About 170 col- 
lections have been grown in the greenhouse and 
outdoors at the Blandy Experimental Farm. 
Seeds were planted in greenhouse flats in March 
or April, and seedlings transplanted to pots, or 
to rows outside when danger of frost was past. 
Greenhouse plants rapidly became potbound, 
and suffered severely during hot summer months, 
so that whenever possible the latter procedure 
was followed. 

Living material was identified from descrip- 
tions and by comparison with herbarium speci- 
mens. Thanks are due the University of 


Florida, University of North Carolina, Univer- 
sity of Texas, University of Oklahoma, and 
University of California for the loan of their 
entire Physalis collections, to the New York 
Botanic Garden and United States National 








134 MARGARET YOUNG MENZEL 


Herbarium for selected specimens, many of 
which were annotated by Rydberg, and to 
Dr. J. A. Steyermark of the Chicago Museum of 
Natural History for his determination of certain 
Mexican and other foreign species. 

Herbarium specimens of most of the collections 
mentioned in the present study have been 
deposited at the Bailey Hortorium, and a rep- 
resentative set at the University of Florida. 
The numbers of these specimens correspond to 
the author’s accession numbers, by which the 
lines grown are referred to here. 

For chromosome study, root tip squashes from 
seeds germinated on moist filter paper have been 
used wherever possible. In some cases root 
tips and young leaves from older plants were 
used. The chromosomes are inclined to clump 
on metaphase plates. After preliminary trials 
with colchicine pretreatment, a modification of 
Meyer’s (1945) paradichlorobenzene (PDB) 
method was adopted. Germinating seeds were 
removed from the petri dish on the second or 
third day after the root tip broke the seed coat 
(few or no divisions were found on the first day), 
placed on filter paper moistened with a saturated 
solution of ‘‘Dichloricide’”’ or ‘‘Parabo”’ crystals 
for 14-23 hours, and fixed in acetic alcohol. 
They were then hydrolyzed in Warmke’s fluid, 
passed through 45 per cent acetic acid for 2-3 
minutes, and the root tips excised and squashed 
in a drop of acetic orcein. This method gave 
reliable results with Physalis; numerous C- 
mitotic plates with well-spread and somewhat 
contracted, deeply stained chromosomes were 
found after 14 hours of PDB treatment. The 
centromere regions showed up clearly and often 
satellites and secondary constrictions as well. 
For leaf preparations, the same method was 
used, chloroform being added to the fixative. 

Root tips pretreated and fixed as above, 
hydrolyzed for 8 minutes in 10 per cent HCI at 
room temperature, and stained with leuco-basic 
fuchsin, according to Johnson’s (1945) short 
schedule, gave equally good results. 

Squashes were sealed with Zirkle’s fluid 
(Speese, 1945) and allowed to stand for half an 
hour, after which they were flattened by thumb 
pressure and tapping with a wooden needle- 
holder or clothespin. Such preparations could 
be kept as long as a month with little deteriora- 
tion. 

All drawings were made from temporary 
mounts at approximately X3500, with a Zeiss 
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microscope (N.A. 1.2) and camera lucida, and 
reduced to approximately X 2300 in reproduction, 

For detailed analysis of chromosome comple- 
ments, plates were chosen in which the centro- 
mere of every chromosome was clearly visible 
as well as the ends of all arms. A camera lucida 
drawing was made, and each arm measured with 
a millimeter ruler, the length being estimated 
to the nearest half-millimeter. In measuring 
arm length, the unstained centromere region 
and satellite constrictions were neglected, as 
these appeared to be very variable from cell to 
cell. On the basis of these measurements, the 
chromosomes were then arranged empirically in 
pairs, according to total length and arm-length 
ratio. Where more than one analyzable plate 
was found for a species, the complements of all 
plates were, again empirically, arranged to give 
the best correspondence between complements, 
and the average arm length and position of the 
centromere were obtained for each series of 
‘homologues’ separately. Descriptions of 
chromosome complements are based on these 
data. 

Three kinds of data have been selected on 
which to base comparison of species comple- 
ments. (1) The total length of the chromosomes 
was estimated by adding the measurements for 
all chromosome arms of a plate; the unit used 
is one millimeter of length on the original 
drawing. Actually, each millimeter on the 
drawing represents about .235yu of actual length, 
so that if a 2m complement is given as having 200 
units of total length, the actual length is about 
57u. (2) The average short arm: total length 
ratio (S/T) was obtained by dividing the total 
of short-arm lengths per cell by the total chromo- 
some length. (3) The difference in size between 
the longest and shortest chromosome pair of a 
complement is expressed by the ratio of total 
length of the two longest chromosomes of a 
plate to the two shortest (L/S). 

The total length figure is a rough index to 
comparative chromosome size; the S/T and L/S 
ratios, considered together, give an approximate 
idea of the degree of asymmetry of the comple- 
ment (see Babcock, 1947 :10). 

The total lengths given are not strictly com- 
parable, as the plates were necessarily often in 
different degrees of contraction, although an 
effort was made to select plates in which the 
chromosomes showed the least effect of PDB 
treatment consonant with good spreading. Also, 


in some cases only one or a few plates were found 
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P. pubescens 


P. pubescens L. 


P. 


pruinosa L. 


’ ¢ 


F 


P; 


co 


P. lagascae Roem. & Schultz 


P. ignota Britton 
P. minima 
P. angulata 
P. angulata 


P. angulata 1. 


- Pendula Rydb. 
- lanceifolia Nees 
- wrighti Gray 
SB 


“a 


P. philadel bhica 


Fr: ixocarpa Brot. 
“ce 





1951] 
Species 


barbadensis Jacq. 


turbinata Medic. 
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TABLE 4 
CHROMOosoME NUMBERs IN Physalis 
Accession 
Number Collector 


Locality 


496a Author Blandy Exp. Farm 
510a Lyman Benson Lake Co., Calif. 
Slla Erdman West Alachua Co., Fla. 
548a Copenhagen Bot. Garden 

301b M. Pp. Gregory Cookeville, Tenn, 
30le ‘c Cary, N.C. 

49la O. EF. White Delmont, Ss. D. (cult.) 
5092 OE. Atchison 30ston, Mass. (cult.) 
S3la Earl May Seed Co. 

549a W. Atlee Burpee Seed Co. 

317a Copenhagen Bot. Gard. 

450a_ G. B. Wolcott Williamson Co., Tex. 
42l1a M.P. Gregory Baton Rouge, La. 
423a W.C. Gregory & Waldron, Ark, 

poe Baldwin, Je. 

512a_ E, Hernandez X. Guanajuato, Mexico 
530a_ EE. Atchison i 


Cienfuegos, Cuba 


24 
24 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


24 
24 
48 


24 
48 
318a Copenhagen Bot. Garden 48 
318b WiC. Gregory Gulfport, Miss. 48 
43la CC Deam 61660 Coffee Co., Tenn. 48 
438a Author Blandy Exp. Farm, 48 
(introduced weed) 
495a Erdman West Alachua Co., Fla. 48 
S2la M. H. Langford Tinga Maria, Peru 48 
522a Erdman West Baker Co., Fla. 48 
544a ee. Baldwin, iy. Joao Pessaos, Amazonas, 48 
Brazil 
547a Copenhagen Bot. Gard. 48 
la Cp Wolcott Williamson Co., Tex. 24 
316a Copenhagen Bot. Gard. 24 
SS4a_ FF. Ww. Gould 3938 Tucson, Arizona 24 
307b Coimbra (Portugal) Bot. Gard. 24 
307c = - ‘i = 24 
4936 C.T. White 12583 Tummaville, Darling Downs, 24 
Queensland, Australia 


300a Musée d'Histoire Naturelle, Paris 

302a H. J. Ramsey & Sons, Ltd., Dundee, N.S.W. 
306a Coimbra (Portugal) Bot. Gard. 

306d - o = 7 

307a 2 = 

399a ALF. Yeager 

427a H. J. Ramsey & Sons, Ltd., Dundee, N.S.W. 
469a_ I.E, Melhusb (II) 1398-45 Mexico City 

470qa ™ (II) 1318-45 Mexico City 

471q «0 (II)-67 Mexico City 

473a ° (II)-32 Mexico City 

1301-45 

474q 4 4 (II)-25 Mexico City 
476a  “« « : 


477a 


XII, 1350-45 Mexico City 24 


XII, 1353-45 Mexico City 


135 


Authority 


Vilmorin & 
Simonet, 19328 
Author 


Bhaduri, 19334 

Nakajima, 19314 
“amamoto & 
Sakai, 1932 


Author 
“ 


“ 


“ 


24 Vilmorin & 


24 


24 
24 
24 
24 
24 


24 
24 
24 
24 
24 


24 


Simonet, 1928s 


Author 


“ 


24400 
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Accession 


Species 
P. ixocarpa Brot.—Cont. 


“ 


“ ‘ 
‘ “a 
‘ “és 
“a ‘ 

sé 
‘ “ 
“ ‘ 
‘ “ 


P. carpenteri Riddell 
P. subglabrata Mack. & Bush 


“ “a 
a“ 
“as 
‘ “a 
“ “ 
“ 
‘ ‘ 
‘ ““ 
‘ “ac 


“ee “ce 
“ ‘ 
ae “a 
“ “ 
“ ‘ 
“ Pr 
‘ “ce 
P. sp.? 
“ce “ce 

“oe ‘ 
“oa 

“a ‘ 


P. texana Rydb. 
P. arenicola Kearney 
P. peruviana 


P. peruviana 


P. peruviana L. 


“ “ 
“cc 
4“ 
‘ “ 
‘ “a 
“ 


Number 


478a 
480a 
480b 


48la 
482a 


483a 


538a 
508a 
439a 


439b 
439c 
439d 
440a 
460a 


503a 
504a 
505a 
578a 
303c 
390a 
39la 
445a 
446a 
447a 
448a 
167a 
395a 


442a 
449a 
506a 
507a 
459a 
586a 


305c 
358b 
409a 
420a 
420b 
545a 
579a 


MARGARET YOUNG MENZEL 


Collector 


= XII, 1354-45 


XVII 
XVII 
1374-45 
- , 1406-45(I1) 
oa ie XVI, 
1365-45 
XVIII, 
1384-45 


a Pe X, 1342-45 
coe ra X, 1341-45 
<. Hernandez X. (X-2290) 
>, A. Munz 
Hort. Bot. Sciantiarum, 
Hort. Bot. Sciantiarum, 
E. Hernandez X. 


— 


“cc “a 


“cc 


Erdman West 
Author 


O. E. White 
Author 
Author 
Author 
Author 


G. B. Wolcott 
W. L. Brown 
E. Atchison 
M. P. Gregory 
O. E. White 


F. C. Gates 21660 


21663 
ee “21664 
as “21662 


“cc ‘ 


7 “21668 
O. E. White 


C. C. Deam 
G. N. Jones 
W. L. Brown 


G. B. Wolcott 
O. E. White 


O. E. White 


Alma Ata, Kazan, U.S.S.R. 
Alma Ata, Kazan, U.S.S.R 


TABLE 1—Continued 
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Locality 


Mexico City 
Mexico City 
Mexico City 


Hidalgo, Mexico 
Hidalgo, Mexico 


Quezaltenango, Guatemala 


San Marcos, Guatemala 
San Marcos, Guatemala 


Anaheim, Calif. 
NX. 
Oaxaca City, Mexico 

oe ae ac 


“c “cc 


‘ ‘ ‘ 


Ft. White, Columbia Co., Fla. 


Blandy Exp. Farm 
(native weed) 
Charlottesville, Va. 

Strasburg, Va. 
Overall, Va. 
Blandy Exp. Farm 


(shade form) 
Harrisonburg, Va. 
Lee Co., Il. 
Browns, Ala. 
Blandy Exp. Farm 
Delmont, S. D. 


se ok 


Manhattan, Kan. 


sé 


Swan Ferry, Chas. 
Mix Co., S. D. 
Bluffton, Ind. 
University, III. 
Grundy Co., IIl. 
Tilden, McMullen Co., ‘Tex. 
Gainesville, Fla. 


? 


Kew Gardens 


J. T. Baldwin, Jr. 110d 


Peru 


Haiti 


Royal Bot. Gard. Edinburgh 
St. Andrews Univ. Bot. Gard. 


O. E. White 





Turialba, Costa Rica 


24 
24 
24 


24 
24 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


24 
24 
24 
24 
24 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


24 
24 
24 
24 
24 
24 
24 


48 
48 


48 
48 
48 
48 
48 


Authority 


Author 


Yamamoto & 
Sakai, 1932* 
Vilmorin & 
Simonet, 1928 
Author 


“ 


cc TET 


VOL. 


P.h 


Fr 
F 


Pi, 
F. 
P. 
F. 


P. 
hag’ 
F. 


Fr 
F 


aon _§ as ae 


aii 
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Accession 
Number 


Author 


Species Collector 


P. heterophylla Nees 


435a 

433a J. T. Baldwin, Jr. 
434a O. E. White 
442b C.C. Deam 
443a “ “ Bi 
ae ** e 
isia. “ “ re 
486a Author 
486c z= 

490a si 

499a O. E. White 


528a H.S. Gentry 
529a_ J. T. Baldwin, Jr. 
500a O. E. White 

soup: “* * 


P. nyctaginea? Dunal 
P. comata? Rydb. 


P. foetens Poir. 


P. sp.? 422a W.C. Gregory (1942) 
P. sp.? 455a W.C. Gregory (1946) 
P. mollis Nutt. 461a G. B. Wolcott 
ee 463a “ “ ss 

Ny “ 


5i3a E. Hernandez X., 


i. 
518a E. Hernandez X., X- 


523a J. H. Taylor 
416a P.C. Holt 

56la_ R. W. Menzel 
317c O. E. White 

402a W. C. Gregory 
558a Erdman West 
585a Author 

P. elliotti Kunze 397a_ M. P. Gregory 

P. fendleri Gray 553a_ F. W. Gould 3952 


P. mollis “111” 
P. maritima M. A. Curtis 
P. viscosa L. 


P. crassifolia Benth. 5a P. A. Munz 
rs a 1 


555a Gould & Macbride 4128 


re. alkekengi 


P. alkekengi L. 494a Author 
P a 494b " 
=" ; (as P. franchetti 560a 
Mast.) 
; ‘ 562a <A. A. Leath 





* Taken from Darlington and Janaki Ammal, 1945. 
>From the Iowa State College lines. 


which could be analyzed for a species, so that 
the accuracy of figures given undoubtedly 
varies from species to species. In all cases, 
however, the general picture has been verified 
in many other plates which, because of insuf- 
ficient spreading, could not be completely 
analyzed, and it is felt that the figures given are 


5l6a_ E. Hernandez X., X-2644 


a Gould & Darrow 4322 
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TABLE 1—Continued 


Locality 2n Authority 


Author 


Blandy Exp. Farm 24 
(native weed) 


Shenandoah Nat’! Park, 24 = 
Virginia 
Winston-Salem, N. C. 24 
Newton Co., Ind. 24 
Bluffton, Ind 24 
Starke Co., Ind. 24 
Bluffton, Ind. 24 
Overall, Va. 24 
Warrenton, Va. 24 
Delaplane, Va. 24 
between Leat & Clinton, 24 = 
Nebr. 
Ann Arbor, Mich. 24 
Williamsburg, Va. 24 
Chadron, Nebr. 24 
Valentine, Nebr. 24 
Durango, Mexico 24 7 
Tuscaloosa, Ala. 24 . 
Tuscaloosa, Ala. 24 = 
Frio State Park, Tex. 24 
Jim Wells Co., Tex. 24 
McMullen Co., Tex. 24 
18 Guanajuato, Mex. 24 
21 ee _ 24 ” 
Laredo, Tex. 24 nis 
Camp Barkeley, Tex. 24 
Port Aransas, Tex. 24 = 
Myrtle Beach, S. C. 24 
Marineland, Fla. 24 si 
Clay Co., Fla. 24 
Myrtle Beach, S. C. 24 
Punta Gorda, Fla. 24 
Sta. Catalina Mts., Pima 24 
Co., Ariz. 
Twenty-nine Palms, Calif. 24 
North of Signal, Mohave 24 
€Co., Ariz. 
Crater Range, Pima Co., 24 * 
Ariz. 


24. Yamamoto & 
Sakai, 1932 


Blandy Exp. Farm (cult.) 24 Author 
Bethesda, Md. (cult.) 24 = 
Burgess Seed Co. 24 " 


Richmond, Va. (cult.) 24 


sufficiently accurate for the purposes of the 
present discussion. 


GENERAL CYTOLOGY 
CHROMOSOME NUMBERS 


A summary of chromosome counts by previous 
authors (Darlington and Janaki Ammal, 1945) 
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and those obtained during this study appears in 
table 1. 

Except for a short preliminary account of the 
present investigation (Young, 1947), chromo- 
some numbers have been reported previously 
for only six species. The reports of 27=24 for 
P. alkekengi and P. pubescens are confirmed in 
material studied here. The identity of “P. 
philadelphica,”’ ‘“‘Purple Winter Cherry,” for 
which Vilmorin and Simonet report 2” = 24, is 
doubtful. Rydberg (1896) first considered P. 
philadelphica a species composed partly of 
perennial and partly of annual forms. Later 
(1903, 1933), he omitted it from the list of Amer- 
ican species. P. ixocarpa is the only commonly 
cultivated species which has_ purple-fruited 
forms. Probably the P. philadelphica of Vil- 
morin and Simonet was really P. ixocarpa, which 
has 2n = 24. 

Diploid numbers of both 24 and 48 have been 
reported for P. angulata and P. peruviana. All 
material of both species examined during this 
study had 2n=48. In the case of P. angulata, 
represented here from both its North and South 
American range by tetraploids, it seems probable 
that the report of a diploid form is a case of 
misidentification. The case of P. peruviana, 
originally native to Peru and possibly the South 
Sea Islands, but now widely dispersed as an 
escape from cultivation, is not so easily dismissed. 
This species is apparently stable and sharply 
delimited, despite its history, and has long been 
familiar to the botanical world. The possible 
existence of two chromosome races hence cannot 
be excluded, but the species appears to be tetra- 
ploid, at least in some populations, in its native 
Peru. 

P. minima, an old world tropical weed of wide 
distribution, also is reported to have 2n = 48. 

Of the 27 species and several doubtful forms 
examined, all the rest have 2n = 24. 
this number probably represents less than a 
fourth of all the species, about half of the 
United States native species have been examined, 
and P. angulata is the only tetraploid species 
among them. It can be said with some confi- 
dence that the chromosome number is quite 
stable for this range at least, and that polyploidy 
has played no appreciable role in speciation in 
this group of species. 7 

Only one case of aneuploidy was found among 
several hundred plants examined. One seedling 
root tip of P. mollis (461a) had 2n=25. The 
duplicated chromosome could be identified as 


MARGARET YOUNG MENZEL 


Although, 
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TABLE 2 


CoMPARATIVE TOTAL METAPHASE LENGTH, AVERAGE S/T, 
AND AVERAGE L/S Ratios oF Physalis SPEcIEs 

















No 
| \ 
Section Species | — * TIL/S — 
| | | lyzed 
Pubescentes | pubescens 178 0.27 | 1.38 5 
| pruinosa | 193 ani i223 6 
turbinata | 137 | ae 1.95 5 
? | lagascae 161 .28 | 1.83 7 
? tgnota 145 } .36 | 1.83 2 
Angulatae wrighti } 180 .34 | 2.50 1 
| pendula 203 | .38 | 1.99 2 
| lanceifolia } 141 } .38 | 1.85 2 
angulata (2n=48) | 302 (=151 .37 | 2.58 4 
x2) } | 
? P. sp. 493b, 307c 179 | 36 | 2.40} 2 
Philadelphicae | ixocarpa 267 | 35 | 2.00} 28 
Carpenterianae| carpentert 291 | 44 | 1.55} 1 
Lanceolatae virginiana 355 } 40] 1.94) 5 
subglabrata 365 39 | 2.21) 6 
arenicola 306 .37 | 3.09 1 
| texana 276 41 | 2.10 6 
Heterophyllae | heterophylla 293 | 39 | 2.03} 8 
| myctaginea? 188 | 39 | 1.66 2 
| comata? 262 | 37 | 2.07 1 
| peruviana (2n =48)| 502 (=251 | .37 | 2.44 7 
X2) 
foetens 292 | .40 | 1.78} 2 
Viscosae mollis | 281 | .38 | 2.01] 21 
| Yiscosa 269 | 37 1.78) 6 
maritima | 261 .39 | 2.23 1 
elliotts | 288 | .36 | 2.09} 2 
fendleri | 301 at | 2.09 3 
mollis “111” 306 | 38 | 2.13} 2 
| 455a (seedlings 317 | .38 | 2.00) 3 
| from original | 
| clone) | | 
Crassifoliae crassifolia 204 | .28 | 2.00} 1 
Megista | alkekengi 259 | Al | _ 1 
' 








the short satellited chromosome (fig. 29). All 
plants of that accession number then being 
grown were examined, but all had 2” = 24. 


CHROMOSOME MORPHOLOGY 


In table 2 are summarized the total metaphase 
chromosome lengths, S/T and L/S ratios (de- 
fined on page 134) of the chromosome comple- 
ments analyzed. 

In general, the chromosomes of the annual 
species (figs. 1-12) are considerably shorter than 
those of the perennials (figs. 14-35), below 200 
units in total length. Although measurements 
of diameter were not made, length is also a 
rough index to breadth, the shorter complements 
also having more slender chromosomes. Al- 
though chromosome size is approximately the 
same for Angulatae and Pubescentes, the two 
are distinguished by the larger number of more 
or less subterminally constricted chromosomes 
(S/T =.26-.29) of the Pubescentes. The S/T 


ratio of the Angulatae (.34-.38) approaches that 
of the perennials. 

In perennial Lanceolatae, Heterophyllae, and 
Viscosae, on the other hand, the chromosome 
length is generally above 260 units, and there is 








Figs. 1-14. 1. P. pubescens 510a. 2 
Si2a 


- P. pruinosa S3la. 
». P. ignota 530a. 


‘Pe. angulata 52\a. 
£2...P. ixocarpa 476a. 


a. 2. barbadensis 45 
8. P. pendula 45la. 9, 
13. Physalis 493b x an 


Oa. 4, P. turbin 


ata 423a. 5. Pp. lagascae 
P. lanceifolia 31 


6a. 10. P. wrighti 554a. 
1 


. ~ 
11. sp, (493b etc.) 307c. 
benteri 508a. 

All from PDB.acetic orcein see 


gulata, SH500, F,, 2n =36, 
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Fics. 15-27. 15. P. subglabrata 578a. 16. P. virginiana 467a. 17. Physalis 506a (intermediate subglabrata-virginiana). 
18. Physalis 395a (intermediate virginiana-lanceolata). 19. P. texana459a. 20. P. arenicola 586a. 21. P. peruvi 
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a predominance of more or less medianly con- 
stricted chromosomes, the S/T ratios falling 
between about .37 and .41. 
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average total length of about 267 units. The 
S/T ratio of about .35 falls in the range of the 
Angulatae, and approaches that of the peren- 


P. ixocarpa (fig. 12), among the annuals, is 


nials. Conversely, perennial P. crassifolia (fig. 
an exception to the general picture, with an 


26) more resembles the Pubescentes in karyology. 
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t- Fics. 28-35. 


28. P. mollis 523a. 
32. P. viscosa 402a. 
All from PDB-acetic orcein seedling root tip squashes, X 2,300. 


29. P. mollis 461a, 2n+1. 
33. P. fendleri 553a. 


iP: 
34. P. elliottt 397a. 


mollis Type III 416a. 
35. Physalis 455a. 


31. P. maritima 561a. 


Fic. 36. Interphase in P. 493b X angulata (SH500 F,), showing 6 micronuclei. From acetic orcein PMC smear, X 1,150. 
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The chromosomes are small (204 units) and the 
S/T ratio of about .28 reflects the preponderance 
of more or less asymmetrical chromosomes. P. 
nyctaginea? 529a, while showing the S/T ratio 
typical of the Heterophyllae (about .39), also 
has smaller chromosomes (about 188 units, see 
fig. 23). 

Asymmetry of the chromosome complement 
as judged by the difference in length between 
shortest and longest pair shows a range of 
variation, but no well-defined trend for any 
particular group of species. The longest pair 
is generally 12—22 the length of the shortest pair. 
In P. pubescens, the L/S ratio is only about 1.4; 
in P. arenicola, it appears to be about 3.0. 

Differentiation of individual pairs is difficult 
because, with decrease in length, the chromo- 
somes of a complement generally also show a 
gradual increase in asymmetry, although there 
are exceptions to the sequence in some species. 
The distinction is not sharp between medianly 
and subterminally constricted chromosomes. 
For this reason, detailed comparison of chromo- 
some morphology offers little promise as a tool 
for distinguishing closely related species. How- 
ever, the features which characterize certain 
groups of species do serve to distinguish them 
from other groups, and give some clew to the 
relations of species not previously assigned to 
sections (e.g. the cases of P. lagascae and P. 
ignota). 


SELF AND CROSS COMPATIBILITY AND 
CROSSING BEHAVIOR 


Little literature appears concerning self, cross, 
or interspecific fertility in Physalis. East (1940) 
lists Physalts among the genera in which at 
least some species are known to be self-compat- 
ible. Bailey (1891) reports numerous attempts 
to hybridize P. pubescens (=P. pruinosa Rydb.) 
and P. capsicifolia (=P. ixocarpa Rydb.) with 
each other and with P. peruviana L., P. alkekengi 
L., P. viscosa L. (from Paraguay, =P. fusco- 
maculata?), P. angulata L. and P. obscura 
Michx. (=P. turbinata Medic.), but without 
success. The results are not surprising; all 
except P. turbinata and P. pruinosa belong to 
different sections of the genus, and it appears 
from this study that even intra-sectional crosses 
are, in many cases, difficult to obtain. 

On sunny days, Physalis flowers open before 
any of the anthers have dehisced, usually 
between eight and eleven a.m. If the weather is 
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damp and cloudy, anthesis may be delayed 
until somewhat later, in which case the first 
anther may dehisce before the corolla has opened, 
These delayed blooms can be detected easily, 
however, as the unopened corolla, held closed 
by its plaited lobes, generally becomes quite 
inflated before it finally unfolds. The anthers 
dehisce one at a time, dehiscence taking place 
along marginal longitudinal slits (or, in some 
species, the line of dehiscence is somewhat 
introrse), and proceeding gradually from tip to 
base, the anther walls turning back to release 
the white or cream-colored (or, in P crassifolia, 
golden yellow) pollen. Shortly before the anther 
begins to dehisce, the filament elongates consider- 
ably, bringing the anther near the stigma. The 
style is longer than the stamens and generally 
more or less curved away from the central 
axis of the flower. Sometimes the last two 
anthers may dehisce together. As the anthers 
become dry with age, they often curl at the 
tip toward the center of the flower. 

Usually 3-5 days elapse between dehiscence 
of the first and fifth anther, and the corolla may 
persist for as long as a week after all the anthers 
have opened. The corolla, bearing the stamens, 
then drops. The stigma and style remain green 
for three or four days thereafter before dropping. 
Immediately after the corolla falls, ovary and 
calyx begin to enlarge, the latter more rapidly, 
so that it soon comes to envelope the young 
fruit, and reaches its maximum size long before 
the fruit is mature The berry develops slowly, 
soon assumes its characteristic shape, and in 
some species at last completely fills or even (P. 
ixocarpa) bursts the calyx. 

It was ascertained in 1946 that, if buds of 
P. lanceifolia, P. pruinosa, P. heterophylla, and 
P. subglabrata were emasculated and _ close- 
pollinated within approximately 48 hours of the 
time they could be expected to open, fruit would 
be set with an unreduced or only slightly reduced 
number of seeds. In the absence of evidence 
to the contrary, this was assumed to be true of 
all species studied. 

All pollinations were made on emasculated 
buds on the day they were ready to open, or 
on the preceding day. Fresh pollen was trans- 
ferred from the anthers to the stigma with a 
spearheaded needle. Needles, and forceps used 
for emasculation, were washed in 70 per cent 
alcohol before each pollination. All crosses 


were covered with glassine bags, affixed to the 
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peduncle by a string to which was attached a 
label. 

It may be mentioned here that the larva of 
Heliothus virescens Schrad., which develops 
inside Physalis fruits and feeds on the young 
ovules, is no respecter of glassine bags, and a 
number of crosses which appeared to be setting 
were destroyed by this pest. 


SELF POLLINATIONS 


Fruits with good seeds in unreduced or only 
slightly reduced numbers were obtained by 
bagging unopened buds of P. pubescens, P. 
pruinosa, P. barbadensis and P._ turbinata 
(Pubescentes), P. lanceifolia, P. pendula and 
P. angulata (Angulatae), and P. subglabrata and 
P. heterophylla among the perennials. 

In addition, although bagged flowers of 
P. ixocarpa and P. viscosa did not set fruit, 
plants isolated in the greenhouse set fruits 
containing good seeds. 


CROSS POLLINATIONS 


Fruits were set by emasculated, unbagged 
flowers on plants in outdoor plots in P. ixocarpa, 
P. angulata, P. viscosa, P. heterophylla, and P. 
subglabrata. Apparently the bees and other 
insects which are attracted to the flowers in 
large numbers are fairly effective pollinators. 
In these cases the seed set was scarcely above 
one-half of that from undisturbed, open-pollinated 
flowers. Probably both self and cross pollination 
occur, perhaps even in the same flower, the 
percentage of each varying with various environ- 
mental conditions. No evidence of self-sterility 
has been obtained for any of the species studied. 

Flowers were emasculated and bagged without 
pollination on both greenhouse and plot-grown 
plants of P. pubescens, P. pruinosa, P. turbinata, 
P. lanceifolia, P. angulata, P. ixocarpa, P. sub- 
glabrata, and P. heterophylla. In all cases (a 
total of 208 flowers, 1947 and 1948), the corolla 
persisted for about two and a _ half weeks, 
slightly longer than in pollinated flowers, and 
then dropped; the calyx did not enlarge but 
eventually became brown, and 
peduncle finally dropped. 

The same behavior was noted in by far the 
majority of pollinations between species. 


calyx and 


SPECIES CROSSES 


About 1,050 cross pollinations, involving 164 
combinations (including reciprocals) were made 
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between species of Physalis in June-September of 
1946, 1947, and 1948. About 40 of these were 
made in the greenhouse, the rest on plot-grown 
plants. A total of 192 yielded some evidence 
that fertilization had occurred. All but 50 of 
these, however, yielded fruits in various stages 
of abortion, and of the 50 from which good seeds 
were obtained, not all proved to be of hybrid 
origin. 

A summary of crosses attempted and results 
obtained appears in table 3. Discussion of the 
detailed relations within and between groups of 
species will be reserved for consideration under 
the appropriate section of the genus, but a few 
general observations may be made here. 

It is evident from the data presented in table 
3 that Physalis species vary widely with regard 
to their degree of isolation from one another. 
Results of interspecific pollination ranged from 
complete lack of development, the calyx drying 
up and dropping soon after the corolla, to pro- 
duction of germinable seeds from which appar- 
ently fully fertile F, plants were raised. 

It is difficult to judge the precise stage at 
which crosses failed. In all but 192 cases, no 
set of any sort occurred, and there are at present 
no grounds for believing that fertilization took 
place. At what stage it was blocked is not 
known. 

The 192 exceptions have been divided for 
convenience into four classes: (I) The fruits 
contained plump, healthy-looking, full-sized 
seeds. (II) The seed coats were full sized, but 
flattened, containing discernible embryos and 
endosperm in various stages of development, 
usually with a few seeds approaching normal 
maturity. (II1) The fruits (usually very small) 
contained small seeds which shrivelled on drying 
and contained very tiny or no detectable embryos 
when collected. (IV) -The calyx was persistent 
and more or less enlarged, the ovary scarcely 
enlarged, no seeds detectable. 

The last case, IV, is interpreted as indicating 
fertilization followed by very early seed abortion. 
Although no histological study was made, this 
seems justified, since no instance of persistent 
and even slightly enlarged calyx was observed in 
any of the emasculated, bagged flowers, the 
calyx and peduncle always dropping shortly 
after the corolla. 

Classes II and III are considered to represent 
hybrid seeds which failed to reach full size. 
Although generally not germinable by ordinary 
methods, this group contained one combination 
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Species combination 


Seed parent 


pubescens 
pruinosa 
pubescens 
barbadensis 
pubescens 
turbinata 
pruinosa 
barbadensis 
pruinosa 
turbinata 
barbadensis 
turbinata 
pubescens 


wrighti 
lanceifolia 
wrightt 
pendula 
wrightt 
angulata 
lanceifolia 
pendula 
lanceifolia 
angulata 
angulata 
ignota 
angulata 


Pollen donor 


Pubescentes 


pruinosa 
pubescens 
barbadensis 
pubescens 
turbinata 
pubescens 
barbadensis 
pruinosa 
turbinata 
pruinosa 
turbinata 
barbadensis 
Lagascae 


x XK KK K KK KOK OK OK OK OK 


Angulatae 


X lanceifolia 
X wrighti 

X pendula 
X wrighti 

X angulata 
X wrighti 

X pendula 
X lanceifolia 
X angulata 
X lanceifolia 
X pendula 
X angulata 
X ignota 


Pubescentes—Angulatae 


pubescens 
lanceifolia 
pubescens 
angulata 
barbadensis 
lanceifolia 
turbinata 
angulata 
lancetfolia 
lanceifolia 
angulata 
pruinosa 
ignota 
pubescens 
ignota 
pruinosa 
ignota 
barbadensis 
ignota 
turbinata 
lagascae 
lanceifolia 
lagascae 
angulata 


X lanceifolia 
X pubescens 
X angulata 

X pubescens 
X lanceifolia 
X barbadensis 
angulata 
turbinata 
pruinosa 
ignota 
barbadensis 
angulata 
pubescens 
ignota 
pruinosa 
ignota 
barbadensis 
ignota 
turbinata 
ignota 

X lanceifolia 
X lagascae | 
X angulata 
X lagascae 


xX KXKKKK KKK KKK XK 
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INTERSPECIFIC CROSSES ATTEMPTED IN Physalis, 1947-1949, AND RESULTS OBTAINED 
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Species combination 


Seed parent Pollen donor 


Crosses involving P. sp. 493b et al. 


P. sp. X pubescens 
P’. sp. X lagascae 
lagascae ME. sp. 

P. sp. X lanceifolia 
lancetfolta xX P. sp. 

P. sp. X angulata 
angulata x P..sp. 
ixocar pa X P. sp. 

P. sp. X txocarpa 


Crosses involving ixocar pa 
ixocar pa 
pubescens 
ixocar pa 
pruinosa 
barbadensis 
ignota 
ixocar pa 
car pentert 
lagascae 
ixocar pa 
lanceifolia 


pubescens 
ixocar pa 
pruinosa 
ixocar pa 
tocar pa 
ixocar pa 
car penteri 
ixocar pa 
ixocar pa 
lanceifolia 
ixocar pa 


ixocar pa angulata 
angulata ixocar pa 
ixocar pa 493b 

493b ixocarpa 
ixocar pa subglabrata 
subglabrata ixocar pa 


ixocarpa 
virginiana 
ixocar pa 
peruviana 


virginiana 
ixocar pa 
peruviana 
ixocar pa 


heterophylla ixocar pa 
ixocar pa elliotti 
elliotti ixocar pa 


crassifolia 
ixocar pa 
Q. lobata 


ixocar pa 
Quincula lobata 
ixocar pa 


xXxXxXxXKKXKKKKKKKKKKKKKKKKKKKKXK 


Crosses involving P. carpenteri 


car penteri X lanceifolia 
lanceifolia X carpenteri 
carpenter: X angulata 
angulata X carpenteri 
car penteri X 493b 
493b X carpenteri 
lagascae X carpenteri 
car penteri X ixocarpa 
ixocarpa X carpenteri 
car penteri X virginiana 
carpenteri X heterophylla 


Lanceolatae 


subglabrata X virginiana 
virginiana x subglabrata 
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Species combination 


Seed parent 


heterophylla x 
heterophylla x 
heterophylla x 


Heterophyllae 


peruviana x 
virginiana x 
heterophylla x 
heterophylla x 
virginiana x 
arenicola x 


Heterophyllae 





Pollen donor 


peruviana 
nyctaginea 


foetens 


Lanceolatae 
virginiana 
peruviana 
subglabrata 
virginiana 
heterophylla 


nyctaginea 


Viscosae 


mollis 1 x 
viscosa x 
mollis | x 
mollis III x 
viscosa x 
mollis III x 


viscosa 
mollis I 
mollis II} 
mollis I 
mollis III 


viscosa 


Crosses involving Physalis 455a 


peruviana 
455a 

455a 
heterophylla 
455a 
viscosa 
mollis 1 
455a 

455a 

mollis II 


x 


x 
x 
x 
x 
x 
x 
x 
x 
x 


455a 
peruviana 
nyctaginea 
455a 
viscosa 
455a 

455a 
mollis I 
mollis I11 
455a 


Crosses involving Physalis 422a 


422a 
lanceifolia 
422% 
pubescens 
422: 

422a 
subglabrata 
virginiana 
422a 
peruviana 
422a 
heterophylla 
422a 

422: 


xxXKKKKK KK KKK XK XK 


ixocar pa 
422a 
barbadensis 
422a 

car penteri 
subglabrata 
422 

422a 
peruviana 
422a 
heterophylla 
422: 
nyctaginea 
elliotti 


Heterophyllae—Viscosae 


peruviana 
mollis 
heterophylla 
viscosa 
nyctaginea 
nyctaginea 


xx xk XK XK XK 


mollis 
peruviana 
viscosa 
heterophylla 
mollis 


mollis III 
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Species combination 


No. 


Seed parent Pollen donor pollinations 


Heterophyllae—Viscosae—Cont. 
mollis III 
viscosa 
mollis 


mollis III 


X nyctaginea 
X peruviana 
X heterophylla 
X heterophylla 


ano 


Viscosae—Lanceolatae 


subglabrata X viscosa 4 
subglabrata X elliotti 6 
elliotti X subglabrata 3 
virginiana X elliotti 3 
elliotti X virginiana 1 


Perennial—annual crosses 


X subglabrata 1 
X barbadensis 


barbadensis 
subglabrata 


1 

4 

barbadensis X virginiana 4 
virginiana X barbadensis 1 
barbadensis X heterophylla 1 
heterophylla x barbadensis 1 
peruviana X angulata 6 
angulata xX peruviana 7 
lanceifolia X heterophylla 3 
lanceifolia X subglabrata 9 
lanceifolia X virginiana 9 
angulata X subglabrata 11 
lanceifolia X elliotti 4 
wrighti X crassifolia 3 
lanceifolia X crassifolia 7 
angulata X crassifolia 5 
1 


Quincula lobata X lanceifolia 


“( ) indicate that the F; was grown and proved to be matroclinal. 


(493b X P. angulata) which yielded a vigorous 
F, of undoubted hybrid constitution. 

However, when Class I seeds are obtained, 
assumption of hybridity must be made with 
caution. Out of 50 such sets, 15 F, progenies 
have been grown which showed no influence of 
the pollen donor, and were in every respect 
identical with the seed parent (these are enclosed 
in parentheses under Class I in table 3), while 
only 14 populations grown so far from seeds of 
this class showed evidence of hybrid origin. 

The occurrence of matroclinal populations 
following crossing is puzzling. Accidental con- 
tamination during emasculation and pollination 
is the most obvious explanation. The distribu- 
tion of these results, however, suggests that 
some other factor may be at work. Thirteen 
of the fifteen matroclinal progenies were between 
species belonging to different sections of the 
Five of these had P. lanceifolia and 


genus. 
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Type of seed set: Class 
| Hybrid Fi 





obtained 
I II | Ill IV 
1 
4 1 
1 
(1) 
(1) 
5 
(1) 
(1) 1 1 
(2) 
| | 
| 
1 


three had P. angulata as the seed parent. The 
rest were distributed among other inter-sectional 
combinations. The two matroclinal progenies 
from crosses within a section were from P. 
angulata X P. lanceifolia. With the exception 
of the Angulatae, then, no such progenies were 
obtained from crosses within a section of the 
genus, and in no case did a species combination 
yield both matroclinal and hybrid populations. 
Further investigation on a large scale is needed 
to determine whether these observations are 
due merely to chance distribution of accidental 
contamination. The possibility is suggested 
that some type of pseudogamy or adventitious 
embryony (see Brink and Cooper, 1947) may 
follow certain species combinations, at least in 
P. augulata and P. lanceifolia. However, P. 
lancetfolia is capable of producing true hybrid 
seeds in at least one combination (i.e. with P. 
pendula as pollen donor). No hybrids have thus 
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far been obtained with P. angulata as the seed 
parent. 

In general, it can be said that barriers to 
crossing are more marked in the annual sections 
Pubescentes and Angulatae than in the perennial 
groups. In the three cases where F, hybrids 
were obtained in the former, two (P. barbadensis 
xX turbinata, P. lanceifolia X pendula) were 
between species which, on morphological grounds, 
have been suspected of subspecific rank. All 
three of these F,’s showed at least a 60 per cent 
decrease in fertility as compared with the parents 
(judged on number of seeds per berry). 

In the perennial groups which have been 
studied, there is evidence, on the other hand, 
that the species of the Viscosae give almost 
fully fertile hybrid offspring. Evidence from 
seed set in 1948 crosses within the Heterophyllae, 
while open to question until F, populations can 
be grown and observed, suggests that the same 
situation may well exist in that section. 

Furthermore, there is some indication that 
barriers to interbreeding may be only partial 
between the Heterophyllae and the Viscosae, 
and perhaps also between the Heterophyllae and 
the Lanceolatae. 

While only a few F, hybrids have actually 
been obtained thus far, chances seem good that 
persistent attempts will result in a number of 
other successful combinations. The degree of 
development of several crosses of the same species 
combination made on the same day was often 
variable, and it is probable that repeated 
attempts to make combinations which thus far 
have yielded only abortive seeds will at length 
produce a few seeds mature enough for germina- 
tion. 


THE SECTIONS OF PHYSALIS 
PUBESCENTES 


The Pubescentes is composed of weak-rooted 
annuals with sharply 5-angled fruiting calyces, 
the lobes at anthesis fully as long as the tube, 
the flowers small (usually not exceeding 1 cm. 
in width), creamy to bright yellow with a sharply 
defined brown or purple spot in the throat. 
The seeds are small, usually not over 1.3 mm. 
in longest diameter, the leaves and other vege- 
tative parts usually covered with fine, pointed, 
soft dense hairs. 

The Pubescentes are mostly low-growing or 
prostrate, weak-stemmed, spreading, rather del- 
icate plants, showing in connection with annual 
habit and short life cycle a reduction in size of 
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all parts over the perennial sections of the genus. 
Representatives are widely distributed in the 
New World; the presence of the group in the 
Old World is debatable. Although little evi- 
dence is available for species outside the United 
States range, it appears that the majority of 
species occupy rather limited ranges in the warm 
temperate and tropical zones of both hemi- 
spheres, with a few species rather discontin- 
uously and sparsely distributed over a much 
wider area. Herbarium material of the group 
examined in this study was too scanty to permit 
elucidation of species ranges. However, it 
does appear that P. pubescens at least does 
occupy the very wide range which has been 
reported for it. 

The nature of speciation in the Pubescentes 
makes accurate determination rather difficult. 
Unlike some of the perennial groups, there does 
not appear to be much intergradation between 
species. The problem is rather one of discrim- 
inating description. Species differ from their 
closest allies by relatively constant constellations 
of minute characters: size differences in flower, 
leaf, fruiting calyx, shape, texture and color of 
leaves and fruiting calyx, etc., in some instances 
so slight as to be almost intangible if considered 
as single characters. While these provide a 
rather reliable means of distinguishing species 
growing side by side in an experimental plot, 
they often well-nigh disappear in dried specimens 
Hence the considerable confusion of species 
indentity in herbaria and literature. 

Rydberg (1896, 1933) seems to have untangled 
the species in the United States range rather 
accurately. He includes six species in the 
section: P. pubescens L., P. barbadenstis Jacq., 
P. pruinosa L., P. turbinata Medic., P. floridana 
Rydb., and P. neo-mexicana Rydb. The last 
two occupy limited ranges in Florida and New 
Mexico respectively, and are little understood. 
Only the first four have been available for study. 
In addition, a collection from Guanajuato, 
Mexico, which has been tenatively identified as 
P. lagascae R. & S. by Dr Julian A Steyermark, 
will be considered here, as it appears on mor- 
phological and cytological grounds to be more 
closely allied with the Pubescentes than with any 
of the other described subgenera. 


Karyology 


Chromosome counts for the Pubescentes are 
summarized in table 1. 
uniformly had 2n = 24. 


The five species studied 
The chromosomes were 
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among the smallest encountered, and showed 
some interspecific variation in this respect, P. 
pruinosa having the largest and P. turbinata 
the smallest (figs. 1-5). 

The complements are composed mainly of 
chromosomes with subterminal centromeres, the 
average total S/T ratio ranging between 0.27 and 
0.29. Each species has one pair with a short 
long arm ratio of .50 or above; in P. turbinata, 
barbadensis, and lagascae this pair is fifth or 
sixth in total length, while in P. pubescens and 
P. pruinosa it is one of the two longest pairs. 
In nearly all plates of P. pubescens and somewhat 
less frequently in P. pruinosa, this pair bears a 
marked secondary constriction near the end of 
one of the arms. P. pubescens, pruinosa, and 
lagascae also have a satellite attached to the 
short arm of one of the three shortest pairs. 
No satellites have been observed in either P. 
barbadensis or P. turbinata. 


Seedling Populations 


Nine collections of P. pruinosa® (probably all 
from sources in cultivation), three of P. pubescens 
(510a, 511a, 548a), two of P. barbadensis (317a, 
450a), three of P. turbinata (421a, 423a, and 
441a, collected by C. A. Brown at Napoleonville, 
Louisiana), as well as 512a, considered to be 
P. lagascae, have been grown from seed at the 
Blandy Experimental Farm. (See table 1 for 
sources not given here.) 

Seedling populations of all these numbers were 
uniform. Furthermore, no distinguishing char- 
acteristics were seen between different collections 
of the same species in P. pruinosa, P. turbinata, 
or P. barbadensis. F, and F: progenies were 
grown from a cross between P. barbadensis 317a 
and 450a, and no segregation was noted in the 
F;, both F; and F, being indistinguishable from 
the parents. 

P. pubescens 511a and 548a were indistinguish- 
able, but 510a from California differed from these 
in having larger, brighter yellow corollas, oval, 
rather than ovoid and pointed, berries, and 
lighter green, more succulent leaves. It would 
have been difficult to distinguish this from the 
other two numbers, however, had they not been 


3 P. pruinosa is the common cultivated garden cherry or 
husk tomato, according to Rydberg’s interpretation, 
obtainable from seed companies, usually under the erro- 
neous name P. pubescens. P. pubescens is a smaller-leafed, 
more delicate species with larger, more open flowers, 
easily distinguished from P. pruinosa if the two are com- 
pared. 
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growing side by side. An attempt was made to 
cross 511a and 510a in the summer of 1947, 
but five pollinations each way failed to set fruit. 
That they have slightly different genetic con- 
stitutions is apparent; whether the two forms 
are also separated by a barrier to crossing awaits 
further investigation. 


Crossing Behavior 


In the summer of 1947 all possible cross 
pollinations of P. pubescens, P. barbadensis, P. 
pruinosa, and P. turbinata were made, a total of 
83 pollinations (a minimum of five for each 
combination). 
table 3. 

Although seeds in various stages of develop- 
ment were obtained from a number of crosses, 
germination was successful in only one cross, 
P. barbadensis 450a X turbinata 441a. Four out 
of ten pollinations set fruit containing a total of 
340 plump seeds. In 1948 an F, population of 
14 plants was grown from a part of these seeds. 
The characteristics of the parents and the F, are 
summarized in table 4. 

It may be seen from the table that the F, 
hybrids resembled the pollen parent in most 
respects, except pubescence, and were inter- 
mediate between the parents in a few. 

Mature pollen of SH648 was examined in 
acetic orcein and appeared to be about 85 per 
cent morphologically normal and darkly stained. 
All but about 0.5 per cent of the grains were full 
sized, but 14.5 per cent failed to take up stain. 


The results are summarized in 


TABLE 4 


CHARACTERISTICS OF PARENTS AND F,; HYBRIDS OF 
P. barbadensis 450a X P. turbinata 441a 
(SH647, SH648, SH649) 


Character P. barbadensis Hybrid P. turbinata 
pubescence dense dense nearly absent 
color dark green bright green bright green 
leaf base very cordate slightly cordate scarcely cordate 
leaf apex acute acuminate acuminate 
calyx lobes acute acuminate | acuminate 


much shorter 


nearly equalling 
than corolla 


equalling corolla 
corolla 


corolla rotate open-campanulate| campanulate 
fruiting calyx | ovoid- pyramidal pyramidal 
pyramidal | 
| limp firm | firm 
purple angles green angles green angles 
green | becoming red all | becoming suffused 


over with red 
1.5-2 cm. long 3.2—4 cm. long 
green with violet | green with violet 
speckling speckling 
| becoming deeply | showing much red 
colored with } in stems, some 
red in stem and | __ in leaves at end 
leaves at end of growing 
of growing season 
season 


2.3-3 cm. long 

yellow, no over 
color 

none 


berry 


general pig- 
mentation 








Meiosis was not studied in detail, but the tetrad 
stage was normal. 

The hybrids set fruit readily, but these were 
only about half the size of those of the parents, 
and seed set was only about 17 per cent of that 
of the parents. P. barbadensts and P. turbinata 
average about 120 seeds per berry, while the 
hybrid averaged 20.5. Seeds from the F, plants 
were plump, full-sized, and rather uniform. 
Test sowings of F, seeds on moist filter paper 
gave about 80 per cent germination. 


Discussion 


Rydberg at first (1896) considered that P. 
turbinata was only a glabrous form of P. barbaden- 
sts and made it a variety of the latter, P. 
barbadensis obscura (Michx.). Later (1903) he 
restored it as a distinct species, P. obscura 
Michx., and in his last treatment (1933), adopted 
the name P. turbinata Medic. Its retention as 


a distinct species certainly seems justified on 


morphological grounds. Indeed, its long-acu- 
minate calyx lobes, turbinate fruiting calyx, very 
sparse or absent pubescence, purple spotted green 
(rather than yellow) berry, and marked tendency 
to accumulate reddish pigments in stems, leaves, 
and calyx, make it appear more distinct from 
P. pubescens, pruinosa, and barbadensis than 
they are from each other. Its glabrous texture 
and tendency to turn red might even suggest 
that it is somewhat allied to the Angulatae as 
well as to the Pubescentes. 

Because so many of P. turbinata’s character- 
istics are uncommon or unique in the section, 
their dominance in the hybrid with P. barbadensis 
is interesting. It suggests that P. turbinata may 
represent many of the characteristics of the 
ancestral stock from which the more typical 
Pubescentes may have arisen by a series of 
recessive mutations following or accompanied by 
establishment of sterility barriers. 

At least two dominant turbinata traits, purple- 
marked green berry color and pigment accumula- 
tion in older plants, have proved to behave 
similarly in F,; hybrids in the Angulatae, sug- 
gesting a sharing of common genetic factors 
beyond the limits of the section. 

The uniformity of seedling populations ob- 
served bears out the impression gleaned from 
herbarium material, i.e., that the Pubescentes 
consists of species which are distinguished inter 
se by constellations of rather slight differences 
which are nevertheless quite constant for a given 
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species. This in turn suggests that at least the 
four species studied, which occupy more or less 
simultaneous ranges, are well separated by 
internal barriers to hybridization. The crossing 
experiments so far performed confirm this. Of 
the twelve combinations tried, only one yielded 
an F, progeny, and it showed marked reduction 
in fertility. The number of combinations which 
gave abortive seeds indicates that barriers to 
fertilization itself are not the primary isolating 
factors. The similarity of chromosome com- 
plement throughout the section and the apparent 
regularity of meiosis and pollen conformation in 
the P. barbadensis X turbinata hybrid argue 
against gross chromosomal disparity as a major 
barrier. It appears likely, then, that a system 
of genetic incompatibility operating during 
embryogeny may constitute the major isolating 
mechanism. Since one partially fertile hybrid 
and a number of sets of seed not far short of 
mature size were obtained from the small 
number of crosses reported here, possibilities 
appear promising for analysis of isolating factors 
in the Pubescentes by means of further breeding 
work. 
ANGULATAE 


This section was characterized by Rydberg 
(1896) as consisting of glabrous or nearly 
glabrous species with slender peduncles, ob- 
tusely 5-10 angled fruiting calyx, not sunken at 
the base, and flowers yellow or whitish, some- 
times with the center a little darker but never 
brown or purple. It originally included P. 
wrightt Gray, P. lancetfolia Nees, and P. angulata 
L. In the treatment for the Flora of the South- 
eastern United States, he described the south- 
western form formerly referred to P. lanceifolia 
as a fourth species, P. pendula. In the Manual 
of the Southeastern Flora, he included P. mis- 
souriensis Buch. here.*’ This species is pubes- 
cent, has dark corolla spots, peduncles shorter 
than the fruiting calyx, and is apparently 
placed in the Angulatae only because the fruiting 
calyx is obscurely 5-10 angled rather than 
sharply 5-angled as are those of the Pubescentes. 
It appears from specimens seen during this study 
to be more closely related to P. pubsecens, 
P. pruinosa, and P. lagascae than to the other 
species of the Angulatae. If P. missouriensis 


4 P. missouriensis Buch., treated as P. lagascae R. & S. 
in the two earlier works, was there included in another 
section, Leptophyllae, with P. greenei Rose, P. leptophylla 
Robinson and Greenman, and P. carpenteri Riddell, a 
section abandoned in the last treatment. 
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is omitted, P. wrightt, P. pendula, and P. 
angulata form a rather distinct group of species 
in the United States. 

However, the Pubescentes and Angulatae 
overlap when species outside this range are 
considered. Besides P. missouriensis and P. 
greenet, both of which share characters with 
both sections, the doubtful P. Jagascae 512a and 
P. ignota Britton are intermediate in some re- 
spects. 512a has already been considered under 
the Pubescentes because of its chromosome 
morphology. P. ignota, a coarse, erect, pubes- 
cent Cuban and Central American species with 
rather short peduncles, sharply 5-angled fruiting 
calyx and non-spotted yellow campanulate 
corolla, will be considered here for the same 
reason. 

Geographical Distribution 


Rydberg described the range of P. angulata 
as extending ‘‘from North Carolina to Texas, 
Central America, Brazil and the West Indies; 
also in India.”’ Its occurrence in well nigh 
identical form in the southeastern United States, 
Brazil, Peru, Colombia and the West Indies is 
confirmed by both living and herbarium material 
studied. Specimens from the east coast of 
Sumatra (H. H. Bartlett and C. D. LaRue No. 
59) and Dehra Dun, India, (U. Singh No. 222) 
in the University of California herbarium also 
appear to be typical P. angulata. 

Rydberg (1896:332) states that P. lanceifolia 
Nees is native to ‘‘Peru, Mexico, etc.,’’ and that 
it had not been collected in typical form in the 
United States. 


Two forms are found, however, in the United 
States, which come nearer to this species than to 
any other, although they connect it with P. Wrighti 
and P. angulata respectively. 

In the first the leaves are more or less sinuately 
toothed and often more strongly veined, resembling 
(P. wrighti), which it also resembles in general habit 
and in the sparse scabrous hairs on the upper parts, 
but . . . the small flowers . perfectly agree with 
the true P. lancetfolia, that is, they are truly com- 
panulate. 


(This is apparently the form he later described 
as P. pendula, which has a scattered distribution 
from Oklahoma and Texas to Arizona and 
California. One specimen which he cites here, 
Schott No. 2, Ft. Yuma, Arizona, agrees per- 
fectly with the 451a of this study.) 


The other form connects P. lanceifolia with P. 
angulata. The leaves are broader than in the typical 
form and often with sharp teeth as in P. angulata, 
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but the very long peduncles, small round fruiting 
calyx, and general habit, make it more nearly related 
to P. lancetfolia. Its range is much more northern 
than that of the typical P. lanceifolia and more 
northwestern than that of P. angulata 


He cites specimens from Illinois, Missouri, 
Arkansas, and Texas. 

I have been unable to determine whether he 
meant to include this form in P. pendula. In 
any case, P. pendula and P. angulata, although 
distinct enough in living material, are often 
difficult to distinguish in herbarium material ; the 
similar leaf, flower and fruit size and shape are 
confusing, and the much longer peduncle of 
P. pendula is perhaps the only really reliable 
character on which to base diagnosis. It is 
probable that some of the specimens from Texas 
and Oklahoma which I have labelled P. angulata 
belong partially to P. pendula and partially to 
the second doubtful form described above. 
Typical P. angulata apparently occurs rarely in 
that range. Its occurrence in Mexico is also 
unreported, so far as I have been able to discover. 

Four specimens have been seen from southern 
California which are typical P. lanceifolia: R. 
Bacigalupi, R. S. Ferris and I. L. Wiggins 2490 
(Fresno Co.); Edw. L. Green 1889 (Fall Brook) ; 
C. R. Orcutt Sept. 1890 (San Diego Co.); and 
Louis C. Wheeler No. 965 (Los Angeles Co.). 
The last specimen bears the note, ‘‘Abundant in 
citrus groves.”’ 

P. wrighti occurs from New Mexico to South- 
ern California and in bordering Mexican states. 
One specimen (Wm. 1. Hunt October 27, 1936, 
University of North Carolina Herbarium) has 
been collected as an adventitious weed at 
Mecklenberg Nurseries, Charlotte, North Caro- 
lina. This desert species, while similar to the 
other Angulatae in vegetative characters, has a 
large, flaring, rotate corolla and very short, 
open flowering calyx which in shape resembles 
perennial P. crassifolia and Quincula lobata. 
With the latter it also shares very short inter- 
nodes between flower-bearing axils, so that on 
casual inspection the flowers sometimes appear 
to be borne in fascicles. 

In all these species, the flowers are erect or 
nodding on erect peduncles, which become 
reflexed only as the fruit develops. 


Karyology 


A summary of chromosome counts in this 
group appears in table 1. P. angulata is a 








tetraploid with 2n = 48; P. lancetfolia, P. pendula, 
P. wrightt and P. ignota are diploids with 2n = 24 
(figs. 6-10). 

In size, the complements resemble the small 
chromosomes of the Pubescentes, but are dis- 
tinguished by the predominance of median or 
submedian centromeres. The average S/T ratio 
(table 2) ranges between about .35 and .38, as 
contrasted with the range of .27-.29 of the 
Pubescentes. 

In P. wrightt, the typical short subterminally 
constricted chromosome pair bearing a satellite 
on the short arm has been noted. Satellites or 
secondary constrictions have also been noted in 
P. angulata, none to six per cell in seedling root 
tip preparations, occurring variously on long or 
short arm of longer or shorter chromosomes. 
The high number and small size of the chromo- 
somes makes it difficult if not impossible to 
homologize these from one cell to another. No 
satellites or secondary constrictions have been 
seen in P. ignota, P. lanceifolia, or P. pendula. 


Seedling Populations 


All the collections of P. angulata, P. lanceifolia, 
P. pendula, P. wrightt, and P. ignota listed in 
table 1 were grown from seed, as well as two 
additional lines of P. angulata, 388a from Haiti, 
and 577a, collected by Erdman West in Leon 
Co., Florida. 

All the collections of P. angulata gave uniform 
seedling populations. There were slight varia- 
tions between the collections in size of plants, 
leafiness, and amount of reddish-purple pigment 
developed toward the end of the growing season. 
The collections from Florida remained greener 
than any of the other accessions, developing 
purple mainly in the stems. Most of the lines 
had pale ochroleucous flowers without dark 
markings (although some showed a little deeper 
shading in the throats), and greenish-yellow to 
yellow ripe berries. In 318a, however, the 
corollas had a diffuse brown splotch in the 
throat, and the yellow berries became thickly 
speckled with reddish-purple as they ripened. 
318a crossed with 521a (no corolla marking, 
greenish-yellow berry) gave an F, population 
with tan corolla throat and speckled berries. 
The Fy, has not been grown. 

The four diploid species were also very 
uniform, no marked variants being noted among 
about 50 plants of P. lanceifolia, 30 each of P. 
pendula and P. ignota, and 20 plants of P. 
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wrightt. The corollas of P. lancetfolia, P. 
pendula, and P. wrightt were white with yellow 
splotches in the throat, a point which is left 
somewhat in doubt by descriptions of the species. 

P. lancetfolia 316a and P. pendula 451a differed 
principally in leaf shape, pigmentation, and 
growth habit. P. lancetfolia had fusiform to 
linear leaf blades, tapering gradually to winged 
petioles, heavy purple pigmentation in stems, 
leaves, and fruiting calyx, expecially in older 
plants, purple berries, and, when grown outside, 
assumed a prostrate or procumbent habit. 
P. pendula had broader, ovate to ovate-lanceolate 
leaf blades, more toothed and acute or somewhat 
rounded at base, the petioles not winged, lacked 
purple pigmentation entirely in vegetative parts, 
and had green berries. Its habit was branching 
from an erect stem. 

The chief variability within these two species 
Was in response to environmental differences. 
Both were erect when grown in greenhouse pots 
and showed large, thin leaves with a few teeth 
in 316a and many acute teeth in 45la. When 
seedlings with five or six leaves were transplanted 
to plots outside, they suffered a severe setback, 
and when growth was resumed, the leaves were 
much smaller, thicker, and less toothy. P. pen- 
dula retained the erect central stem, but in P. 
lanceifolia, long lateral branches developed at 





Fic. 37. Leaves and immature fruiting calyces of 


P. lanceifolia. 
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Fic. 38. 


Leaves and immature fruiting calyces of Fi 
hybrid P. lanceifolia X P. pendula. 


the lower nodes and the erect central axis was 
absent or not pronounced. 


Crossing Experiments 


All possible crosses of P. wrighti, P. pendula, 
P. lancetfolia, and P. angulata, except P. pendula 
xX angulata, were attempted, a total of 71 
pollinations (table 3). In addition, five crosses 
each way were made of P. lagascae 512a X 
lancetfolia and P. lagascae X angulata. 

P. lanceifolia X wrightt, P. angulata X lancet- 
folia, and P. lancetfolia X angulata yielded seed 
in various stages of development, none of which 
germinated. 

Seven pollinations of P. angulata X lancetfolia 
gave two fruits containing 90 plump seeds 
(SH479, SH480). Five pollinations of P. angu- 
lata X lagascae 512a gave three fruits containing 
75 plump seeds (SH501, SH503, SH504). F, 
populations were grown from these five crosses 
in 1948. They uniformly resembled P. angulata, 
and seedlings of each, examined in root tip 
preparations, had 27 =48, as did P. angulata. 

P. pendula did not set seed in any species 
combination except P. lancetfolia xX pendula. 
From six attempts, three fruits were obtained 
with a total of 165 plump seeds (SH619, SH620, 
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SH621). In 1948 an F, of 30 plants was grown 
from part of these seeds, six plants in greenhouse 
pots and the rest transplanted to an outdoor 
plot. Plants of both parent lines were grown 
simultaneously under similar conditions for 
comparison. 

The characters by which the parents are 
distinguished have been noted above. In the 
greenhouse, the hybrids had the erect stem of 
the parents, and the leaves were intermediate in 
length and in character of the leaf base (figs. 
37-39). The purple reticulation of the fruiting 
calyx in P. lanceifolia 316a (green in P. pundula 
451a) was reduced in the hybrid to a lighter, 
more reddish, and less extensive coloration, 
confined mostly to the principal veins Pigmen- 
tation of stems and leaves was similarly reduced. 
This difference in pigmentation was not apparent 
in the plotgrown plants, the hybrids equalling 
or exceeding heavily pigmented 316a in extent 
and shade by the end of the growing season. 

Other interesting features came to light when 
the hybrids were transplanted to the outdoor 
plots. The marked reduction of leaf size noted 
in both parents did not occur in the hybrid, the 
leaves retaining or exceeding the size of those 





Fic. 39. 


Leaves and immature fruiting calyces of P. 
pendula. Figures 37-39 from plants grown in green- 
house pots. 





on greenhouse plants. The hybrids were large 
and vigorous, and combined the growth habits 
of the field-grown parents. That is, both the 
long, procumbent stems at the base and the 
erect central axis developed. There was also a 
marked tendency of the secondary nodes at the 
axils of leaves to develop, so that the hybrids 
were both larger and leafier than the parents. 

The ripe berries of both greenhouse and plot 
grown hybrids had the purple over-color of the 
P. lanceifolia parent. 

Five hybrid seedlings examined in root tip 
preparations had a chromosome number of 24, 
as did the parents. Ripe pollen of ten plants 
was examined, and revealed about 90 per cent 
of plump grains stainable with aceto-orcein. 
Meiosis was not studied in detail, but the tetrad 
stage showed no marked irregularities. The 
hybrids bloomed and set fruit freely. The 
fruiting calyces were about the size of the 
parents, the berries sometimes reaching the 
size of the parent lines, but mostly 3—3 that of the 
parents. Twenty-seven fruits from the hybrids 
averaged 33 seeds per berry, of which 10 per 
cent were shrivelled or chaffy and the rest plump 
and full sized, as compared with about 155 and 
80 seeds per berry for 316a and 451a respectively, 
with about 3 per cent chaffy. Seeds set by the 
hybrids were fairly uniform in size, although 
more variable in this respect than those of either 
of the parents, and in test lots sown on moist 
filter paper, gave about 95 per cent germination. 


Discussion 


As in the Pubescentes, the species of this 
section seem to be genetically rather constant 
and well separated by sterility barriers. The 
exceptional case of P. lancetfolia K P. pendula 
is of added interest since, on morphological 
grounds, they have been considered forms of the 
same species. Whether P. pendula should be 
relegated to varietal status depends upon the 
criteria of species boundaries adopted. The 
only morphological difference between 451a and 
316a which seems, from herbarium material, to 
be constant for other populations of the two 
forms is the difference in leaf shape. It appears 
that the linear, winged leaf of typical P. lancei- 
folia does not appear in the United States range 
of P. pendula. But the northward extension of 
P. lanceifolia and the southern extension of P. 
pendula are not at present known, so that it 
cannot be said whether the two leaf shapes are 
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confined to discontinuous geographical ranges. 
Nor can it yet be said how great a genetic 
difference is expressed by this pair of characters. 
The uniformity of the F,; would indicate at least 
that the parents were both more or less homo- 
zygous for genes determining leaf shape, as 
would the uniformity of the parent lines them- 
selves. Since the hybrid is at least partially 
fertile, the difference is open to further genetic 
analysis. The reduced fertility of the hybrid 
indicates that partial barriers to interbreeding 
are present, and suggests that P. pendula may 
be a relatively recent species (or incipient 
species) produced by the combined factors of a 
mutation or mutations in leaf shape, preceded 
or accompanied by mutations acting as barriers 
to full seed production in the hybrids, and of 
chance introduction of the variant to a new 
range. Probably physiological adaptation to a 
colder climate should also be postulated for P. 
pendula. P. lancetfolia and P. pendula both 
set seed very freely at the Blandy Experimental 
Farm. Although most of the annual species 
grown showed a number of volunteer seedlings 
the following summer, including tropical P. 
ignota, and, although 316a was grown in four 
consecutive summers, no P. lanceifolia volunteers 
were ever seen, although a rather careful search 
was conducted for them in 1947 and 1948. 
Although 451a was grown out doors only in 1947 
and 1948, a few seedlings were found in 1948 at 
the site of the previous year’s planting. 


PHILADELPHICAE 


The third section of Physalis, Philadelphicae, 
was made up of five species, according to Ryd- 
berg’s first treatment: P. ixocarpa Brot., P. 
philadelphica Lam., P. longifolia Nutt., P. texana 
Rydb., and P. macrophysa Rydb. It is described 
as consisting of 


annuals with a branching root or perennials with 
a thick more or less fleshy rootstock; fruiting calyx 
(except in P. macrophysa) indistinctly 5-10 angled 
and seldom sunken at the base; flowers large, 1-23 
cm. in diameter, yellow with a brown or purple 
center; pubescence on the leaves none, on the upper 
part of the stem and the calyx sparse and short, 
if any, or in young plants of the first species (P. 
ixocarpa) sometimes finely puberulent. 


The last three, perennial, species appear, from 
herbarium material examined, to be closely 


related to Rydberg’s Lanceolatae through P. 
virginiana and P. subglabrata, intergrading some- 
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what with these species in the case of P. longt- 


folia. They will be 
section. 

P. philadelphica, as Rydberg interpreted it, 
was composed of both annual and _ perennial 
forms, the former differing from P. ixocarpa 
only in having longer peduncles. Later (1903), 
he relegated the perennial forms to P. subglabrata 
Mack. & Bush, retaining the name philadelphica 
for the supposed annual species. In his last 
treatment (1933) he dropped P. philadelphica 
entirely. Probably all of the forms originally 
included in P. philadelphica are referable to 
either P. txocarpa or P. subglabrata, which in 
some of their forms resemble each other super- 
ficially. Several specimens labelled P. philadel- 
phica by Rydberg, examined during this study, 
are so referable, and no distinct entity corre- 


dealt with under that 


sponding to his P. philadelphica has_ been 
encountered in any of the material seen. 
The remaining species, P. ixocarpa (=P. 


aequata Jacq.), is an annual native to Mexico, 
where it has been in cultivation for its fruits 
since pre-Columbian times (Jenkins, 1948). It 
is introduced into the United States, where it 
has escaped from cultivation and occurs rather 
widely as an occasional weed of disturbed ground. 

P. ixocarpa apparently has no close relatives 
native to the United States. Its allies, if any, 
are rather to be sought among some of the less 
well-known Mexican species. It seems desirable, 
until these are better understood, to consider 
P. ixocarpa as belonging to a separate division 
of the genus, comparable in rank to the Pube- 
scentes and Angulatae. 


Karyology 


The chromosome complement of P. ixocarpa 
(fig. 12) consists in order of decreasing length 
of two pairs with median, seven pairs with sub- 
median, and three pairs with subterminal 
centromeres. Although secondary constrictions 
appear occasionally near the distal end of one 
arm of the longest pair, and less frequently 
near the end of one or more other pairs, the 
short satellited pair of chromosomes common in 
Physalis has not been seen in any of the P. 
ixocarpa material studied. 

The chromosomes are intermediate in size 
between those of the other annuals studied and 
the larger chromosomes of the perennial groups. 
The average total length is about 267 units, as 
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compared with 178 units for P. pubescens and 
355 units for P. virginiana. 


Seedling Populations 


Thirty-six accessions of P. ixocarpa have been 
grown from seed. Twenty of these were pro- 
vided by I. E. Melhus from the Iowa State 
College lines; five were from fruits purchased 
in the city market of Oaxaca City, Mexico, by 
Sr. E. Hernandez X.; six were obtained from 
various botanic gardens; three, from commerical 
seed companies in Australia (‘‘P. macrocarpa,” 
Golden Nugget ground cherry or Cape Goose- 
berry); and two from supposedly wild sources 
(514a from Queretara, Mexico, and 524a, a weed 
at Rancho Santa Ana Botanic Garden, Anaheim, 
California). 

All of these except the last two showed tre- 
mendous variation both within and between 
progenies. Indeed, it might be said that almost 
no visible feature of the plant, except seed size, 
the short peduncle, and annual root, was with- 
out several variants. A beginning has been 
made toward isolating lines for genetic analysis, 
but at present only a summary of the variability 
encountered can be given. 

Variation was kaleidoscopic in habit, size, 
amount of branching, length of internodes, 
shade of green (from quite yellow to very dark 
green), amount, shade, and distribution of 
purplish anthocyanin in stems, petioles, pedun- 
cles, and fruiting calyx, size, shape and amount 
of toothing of leaves, size and shade of yellow 
of the corolla, presence, shade, and extent of the 
dark corolla markings, size, shape, and color 
of the fruiting calyx, and of the fruit, length and 
thickness of the peduncles in fruit, number of 
flowers and fruit, time of ripening of the fruit, 
and length of time the fruit could be stored with- 
out deteriorating. In addition, minor variations 
in shape and size of flower parts were common, 
and flowers with excess stamens, corolla, and 
calyx lobes were frequently found. 

The variation in fruit and fruiting calyx was 
especially striking. Fruit diameter (as noted 
by Jenkins, 1948) ranged from about 1 cm. to 
slightly over 6 cm. Shape of the berry ranged 
from smooth and nearly round, or slightly 
ovoid, to very much flattened, the latter usually 
somewhat lobed and irregular in shape. Many 
of the larger fruits showed a marked tendency 
to ‘‘puffing,”’ although this was not always the 








case, and some of the smaller fruits also showed 
the tendency. 

The size of the fruiting calyx showed approxi- 
mately the same range of size as the berry, and 
the two appear to be more or less independent, 
so that the berry often bursts the calyx and 
continues to enlarge long after the calyx has 
reached maximum size. On the other hand, 
some of the largest fruits did not burst their 
large calyces, and some very large calyces 
contained small fruits. 

The color of the ripe berry is apparently 
determined by two sets of factors. One of these 
controls the basic color, green versus yellow, 
and the other, the presence or absence of purplish 
overcolor as the berry ripens. These appear to 
segregate independently. Pure yellow and 
purple-over-green were the commonest types, 
but purple-over-yellow and less frequently pure 
green were also observed. In addition, varia- 
tions in the shade of yellow developed, and in the 
extent and shade of the purple markings, which 
ranged from almost black to violet or even 
reddish. If the overcolor is present, it may be 
confined to the outer layers of the skin, or 
penetrate extensively into the flesh of the ovary 
wall and even the placenta. 

More or less independent segregation for most 
of the characters was noted. This was especially 
marked with regard to the presence, intensity 
and distribution of purple pigment in various 
plant parts, e. g. a great deal of purple pigment 
in stems, peduncles, or fruits might be accom- 
panied by pure green calyces and vice versa. 

Variation in the extent of dark corolla marking 
was noted above. One 1947 plant (469a—1047) 
occurred in which the corolla marking was 
reduced to a thin blue stripe at the angles of the 
corolla. Open pollinated seeds of this plant were 
kept separate, and 16 plants from this seed in 
1948 segregated to 12 plants with the reduced 
eye of the parent, 2 with unreduced eye, and 2 
in which the eye was entirely absent. The 
corolla of all these plants was a pale creamy 
yellow rather than the usual lurid yellow. A 
number of other plants from the original 469a 
stock also showed pale yellow corollas and more 
or less reduced eyes. 

It was mentioned above that the two lines 
established from supposedly wild plants were 
exceptions to the general variability. The 
California collection, 524a, was particularly 
uniform. About 40 plants were grown from the 
original seed in 1947 and 1948, and also ten 
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plants from ‘“‘open-pollinated”’ 1947 seed. These 
presented a very uniform appearance in the 
row, in marked contrast to other progenies. 
They were erect with ascending branches and 
rather bushy conformation, with broader, more 
dentate, darker green leaves than most of the 
cultivated forms. The stems, peduncles and 
fruiting calyces were bright yellow with distinct 
purplish spots in the throat; the round fruits 
were small (1-13 cm.), green with dark purple 
overcolor, becoming almost black when dead 
ripe, and filling but not bursting the smooth, 
globose calyces. 

The collection from Queretara, 514a, was 
similar to 524a. The plants were a little larger 
and more spreading, the fruits (purple over 
green) a little larger, usually bursting the 
fruiting calyx. Populations observed in 1947 
and 1948 did not present quite so uniform an 
appearance as 524a, but, compared to the other 
lines, they could be classified as highly uniform. 


Crossing Experiments 


Because P. txocarpa appears on morphological 
grounds to be more closely related to the peren- 
nial Lanceolatae than to the Pubescentes and 
Angulatae, except in annual habit, attempts 
were made to cross it with both annual and peren- 
nial species. Crosses attempted and_ results 
obtained are summarized in table 3. A total 
of 27 combinations (254 pollinations), including 
reciprocals, was tried. In only two cases (P. 
lanceifolia X ixocarpa and P. peruviana X 
1xocarpa) were mature seeds obtained. F, and 
F, progenies from both were uniformly identical 
with the seed parents, showing no evidence of 
hybridity. No fruit was ever obtained when 
P. ixocarpa was used as the seed parent, or 
when ixocarpa pollen was used on perennial 
species (except the one case above). Abortive 
seeds were obtained in a few cases when P. 
axocarpa was the pollen donor in crosses with 
P. pruinosa, P. barbadensis, P. angulata, and P. 
sp. 493b, but these were usually small, shrivelled, 
and empty. 

Discussion 


Jenkins (1948) considers the great variation 
in the Mexican “‘tomatl” or ‘‘tomate”’ (probably 
mostly, if not entirely, P. ixocarpa) evidence of 
long history of cultivation by the Aztec peoples 
since pre-Columbian times. Perhaps of equal 
interest is the occurrence of certain “‘wild” plants 
or populations which are apparently more or 
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less homozygous. Whether the two lines from 
Queretara and southern California, uniform and 
similar as they are, represent the original wild 
type from which the cultivated forms are derived, 
cannot be determined on present evidence. 

Mere cultivation as such, however, does not 
quite explain the striking variation of P. ixocarpa 
as compared with the relative constancy of such 
species as P. peruviana, P. pruinosa, and P. 
alkekengt, also with fairly long histories of culti- 
vation. Lines of P. pruinosa from various 
cultivated sources were quite uniform, both 
within and between lines. So also were lines of 
P. peruviana from several botanic gardens and 
from wild collections from Peru, where it is 
supposedly native. This difference in variability 
may reflect merely the effects of selection for 
variety in primitive agriculture versus perference 
for uniformity in more modern societies. Or it 
may imply an inherently higher degree of vari- 
ability in P. txocarpa than in other species. 
Certainly P. alkekengi, a relatively old orna- 
mental in which variability would be more 
desirable, perhaps, than in a crop plant, while 
showing more diversity than P. peruviana or 
P. pruinosa, does not approach the variation en- 
countered in P. ixocarpa. It may be significant 
that P. ixocarpa, native to Mexico, is the only 
one of these cultivated species originating in the 
supposed present center of variation in the genus. 

Of some interest is the occurrence in P. 
ixocarpa of both yellow and purple-over-green 
fruits, and the independent segregation of 
yellow versus green and purple versus absence 
of overcolor. In other annuals studied, either 
yellow or purple-over-green was characteristic 
for a species and did not vary within it. P. 
pruinosa, P. barbadensis, and P. pubescens had 
yellow fruit, while P. turbinata, P. ignota, P. 
lagascae, P. lanceifolia, and P. sp. 493b had 
green fruit with purple markings. The one 
collection of P. pendula studied had pure green 
berries. The similarity of these fruit color 
characters from one species to another among 
the annuals invites the speculation that they 
are conditioned by homologous genes, isolated 
in most annual species in the combinations 
yellow-no overcolor or green-purple, but dis- 
joined in P. ixocarpa, where both phases of 
both characters occur. 


PHYSALIS SP. 493b, 307b, AND 307c 


In 1946 a packet of seeds (493b) was received 
as P. angulata from W. D. Francis of the Botan- 
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ical Museum and Herbarium of the Botanic 
Gardens at Brisbane, Australia. These had 
been taken from a herbarium specimen (C. T. 
White No. 12583) collected January 19, 1944, 
at Tummaville, Darling Downs, southeast 
Queensland. Two other collections, 307b and 
307c, received in 1947 from the Botanic Gardens 
at Coimbra, Portugal, as P. aequata (=P. 
ixocarpa), proved also to belong to this form. 

The seeds germinated quickly, some as early 
as four days after sowing in greenhouse flats. 
The seedlings grew rapidly and were tall, slender, 
and erect, characteristics typical of P. ixocarpa 
and not of other species grown. P. ixocarpa, 
however, usually begins to produce buds as soon 
as six or eight leaves are formed, while the 
493b plants produced many leaves and a succes- 
sion of dichotomous branches before beginning 
to bloom. Fifteen seedlings were transplanted 
outside and five to greenhouse pots. They 
developed into coarse erect plants, branching 
above and widely spreading, one plant reaching 
25 feet in height and 3} feet in diameter. The 
leaves were lanceolate to ovate-lanceolate, obtuse 
and somewhat unequal at base, the flowering 
and fruiting peduncles very short, shorter than 
the flower, and much shorter than the fruiting 
calyx, which was 2-334 cm. long, rounded-ovoid, 
10-veined but not angled or ribbed and not 
sunken at the base. The berry, green with 
purple overcolor and 1—1} cm. in diameter, was 
very viscid. The seeds were large and pale, as 
in P. ixocarpa. 

This collection would pass for a form of P. 
ixocarpa except for the flower. The flower of 
P. ixocarpa is large, 13-3 cm. in diameter, the 
blue anthers reaching 5 mm. and the long 
slender curved style with its small stigmatic 
surface, about 8 mm. in length. In 493b, 
however, the rotate flowers, pale yellow with 
dark spots, are very small, not over 4-5 mm. in 
diameter, the blue anthers correspondingly re- 
duced, and the short straight green style, which 
does not exceed the stamens in length, isexpanded 
gradually into a _ large, rounded stigmatic 
surface, unlike the much-reduced stigma of the 
other species studied. 

The plants were glabrous and somewhat oily 
in appearance, and had a strong scent, reminis- 
cent of Datura stramonium and not present in 
the other species grown. 

While in most features this species appeared 
closest to P. ixocarpa, the erect-spreading habit, 
acutely dentate leaves and small flowers also 
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suggested affinity with P. angulata. In flower 
morphology, P. lagascae 512a was closer to the 
species than any of the other species available 
for comparison. 

Karyology 


The chromosome complement (2n=24, fig. 
11) resembles both P. ixocarpa and P. angulata 
in consisting of longer chromosomes with median 
and submedian centromeres, grading to shorter 
pairs with subterminal centromeres. The short- 
est, subterminally constricted pair bears satellites 
on the short arm, a situation common in the 
genus but found in neither P. ixocarpa nor 
P. angulata. The chromosomes are a little 
larger than those of P. angulata, considerably 
smaller than those of P. ixocarpa (table 2). 


Crossing Behavior 


A minimum of five cross-pollinations was 
made each way between 493b and P. angulata, 
P. lagascae, P. ixocarpa and P. lancetfolia, and 
five of 493b X P. pubescens, a total of 54 polli- 
nations. Only P. lancetfolia K 493b, 493b X 
P. ixocarpa, and 493b X P. angulata gave seeds, 
and all of these were of Class II. No seeds of 
the first two crosses germinated. 

SH496-500, P. sp. 493b (2n=24) xX P. 
angulata 431a (2n=48): From six pollinations 
in 1947, five fruits were obtained, containing 
298 seeds. Although classified as Class II,° a 
few seeds from each fruit, sown on moist filter 
paper the following spring, showed about 50 per 
cent germination. Residual seeds were planted 
in greenhouse flats, and F, progeny of about 25 
plants was obtained, most of which were trans- 
planted outside when the seedlings had six to 
eight leaves. 

Progenies of both parent species were grown 
simultaneously for comparison. 

The hybrid seedlings showed the rapid, erect, 
branched growth characteristic of 493b, as well 
as the delayed formation of buds. 

5 Class II seeds were generally not germinable. In this 
instance, however, the pollen parent had considerably 
smaller seeds and embryos than the seed parent. The 
small hybrid embryos in large seed coats may here be due 
to the genetic influence of the pollen parent on embryo 
size rather than to partial embryo abortion. Embryo 
size, however, was very variable within cross pollinated 
fruits, some embryos approaching the size of the seed 
parent. Germination was obtained from both plump and 
rather flat seeds, and the F, plants were all hybrids regard- 
less of the size of the embryos, so that it appears that a 
range of partial embryo retardation may be present here 
also. 
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The hybrids matured into very large, vigorous 
plants, some reaching 3 feet in height and 5 feet 
or more in diameter, with a loose, sprawling 
habit of growth unlike that of either parent 
(figs. 40 and 41). At first glance, the marked 
increase in size over both the parents seemed to 
indicate heterosis. An analysis of vegetative 
characters, however, lends some insight into the 
combination of parental characters as_ these 
appear in the hybrids. 

If the plan of branching of 493b is visualized 
as flattened into one plane (fig. 42), the angle 
formed by a pair of branches is about 55°. 
Each dichotomy is approximately bisected by 
the preceding axis. The main branches are 
equal or subequal, and the lower internodes 
rather long, becoming foreshortened only toward 
the ends of branches. The result is an erect, 
symmetrical, arborescent habit. 

In P. angulata, on the other hand, the angle of 
branching is about 70° (fig. 43). The basal 
internodes are very much foreshortened, giving 
rise to a number of main basal branches which 
are horizontal or ascending. Secondary branches 
of these are smaller and form angles of 70° alter- 
nately to right and left of the main branch, 
which is more or less straight. Each lateral 
branch is a little shorter than the preceding, 
and foreshortening of the internodes is marked 
on these laterals. As each branching is sub- 
tended by a leaf, the resulting plant is low, 
spreading or ascending, and rather compact and 
leafy. 

In the hybrids (field grown), however, the 





Fic. 40. Left: Plant of P. angulata 431a, 2n=48. 
Right: Plant of P. sp. 493b, 2n =24, 
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Fic. 41. Fi hybrid between P. angulata 431a and P. sp. 
493b, 2n=36. The screen is about the same size in 
figures 40 and 41. 


main branches diverged at an angle of about 
110° (fig. 44). Moreover, the preceding axis 
transects the angle of branching at an angle of 


about 20° with one branch. The more or less 
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alternate arrangement of laterals of P. angulata 
is preserved. The basal internodes are long as 
in 493b, and the main branches subequal. 
Foreshortening of internodes occurs only toward 
the ends of branches, where the angle of dichot- 
omy is near the 70° of P. angulata. The result 
of this combination of characters is a large 
sprawling plant with long, procumbent, zigzag 
main branches and more or less ascending or 
erect main branches, leafy only toward the ends. 
The plant appears very irregular in general 
conformation. In the hybrids there is also a 
tendency for the leaves subtending the branching 
to be replaced by adventitious shoots, which 
somewhat obscure the main plan. 

The branches of both parents are rather 
slender, expecially those of P. angulata, but all 
the main branches as well as the base of the 
hybrids are very much thickened, and the lower 
leaves exceed those of the larger-leaved 493b 
parent in size. 

In 493b the foliage was commonly markedly 
epinastic, a trait not seen in P. angulata. This 
characteristic was exaggerated in the hybrid. 


Fics. 42-44. Diagrams of branching patterns in Physalis 493b, P. angulata, and their F, hybrid. Explanation in text. 


42. P.493b. 43. P. angulata. 


44. F, hybrid. 
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In other vegetative characters, the influence 
of both parents is apparent. In texture, the 
leaves of the hybrid are more like P. angulata; 
in the numerous narrow, acute teeth, like 493b. 
The oily sheen and pungent odor of 493b are 
absent. 

The flowers of the hybrid are ochroleucous 
with tan markings in the throat, and open- 
campanulate, intermediate between the campan- 

- ulate P. angulata and rotate 493b corollas. The 
style is longer than the stamens, as in P. angulata, 
and rather slender, but expanded into a rather 
large stigma somewhat smaller than that of 
493b. The blue anthers are intermediate in 
length. 

The small fruiting calyx of the hybrid is 10- 
angled as in P. angulata, and the berry has the 
green and purple coloration of 493b rather than 
the yellow of angulata. 

It has been mentioned that most P. angulata 
strains tend to accumulate anthocyanins in 
stems, leaves, and fruiting calyx, and 431a is one 
of the more heavily pigmented strains. On the 
other hand, 493b shows no pigmentation, except, 
variably, a little purple streaking in stems and, 
occasionally, calyx veins. The hybrids showed 
a very heavy accumulation of anthocyanin in 
stems, petioles, peduncles, fruiting calyx, and 
leaves, especially the upper leaves, green being 
almost entirely obscured by the end of the season. 
They exceeded the 431a parent considerably in 
this respect. 

The hybrids bloomed freely, and abundant 
fruiting calyces were produced, reaching about 
half the size of P. angulata, and containing very 
small berries. Over a thousand of these were 
examined without yielding a single good seed. 
In 226 fruits which were examined carefully, 
only four were found which contained small, 
flat, shrivelled seeds (a total of 11). The rest 
showed no trace of ovules. 

Ten seedlings examined in root tip prepara- 
tions had, as expected, 36 chromosomes (fig. 13), 
confirming the hybrid nature of the progeny. 

Meiosis was not studied extensively, but a few 
metaphase and anaphase I plates seen in acetic 
orcein PMC smears revealed a high degree of 
irregularity. There was some pairing, but the 
small size of the chromosomes precluded deter- 
mination of whether associations of greater 
than two occurred. At the sporad stage, micro- 
nuclei were formed; a maximum of seven was 
seen in 21 such figures analyzed. Figure 36 

shows a sporad with six small and two large nuclei. 
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All four backcross combinations were tried, 
five pollinations each way, but no fruits were set, 


Discussion 


Since the pollen parent of the hybrid contrib- 
utes two-thirds of the 36 chromosomes, it is 
interesting to estimate the contribution of each 
parent to the hybrid phenotype. The hybrids 
resembled the diploid parent rather closely in 
seedling characters (rapid germination, rapid, 
erect seedling growth, retarded onset of bloom), 
and, in the mature plants, in having long basal 
internodes, epinastic, much-toothed leaves and 
green and purple berries. Resemblance to the 
tetraploid parent was more marked in mature 
plant characters: the angle of the upper branches, 
alternate arrangement of lateral branches, leaf 
texture, absence of oily sheen and Datura-like 
odor, 10-angled fruiting calyx, and heavy ac- 
cumulation of anthocyanin. Intermediate in- 
fluence of the two parents was seen in flower 
characters. Characters differing from both 
parents were apparent in the angle of main 
branching (almost additive as compared to the 
parents), relation of each dichotomy to the axis 
from which it rises, production of adventitious 
shoots, and the much-thickened stems. 

The general impression gleaned from observing 
the hybrids throughout their life span was that 
the 493b characters predominated in the young 
plants, and that the P. angulata genome became 
increasingly dominant as the plants matured. 

Since the triploid hybrid is apparently com- 
pletely sterile, both when selfed and in all back- 
cross combinations, further genetic analysis of 
the differences between the parent species is 
precluded by this method. It is apparent, 
however, that they must differ by many factors. 

The identity and origin of P. sp. 493b et al. 
remains questionable. It was not represented 
in herbarium material examined, and the author 
has not seen a species description to which it 
corresponds. That it is a form of P. ixocarpa 
seems unlikely, despite the resemblance in 
vegetative characters. However, it is worthy of 
note that, of all crosses tried with P. ixocarpa, 
the 493b X ixocarpa combination was the only 
one which yielded seeds approaching maturity. 
It was hoped, when the Class II seeds of 493b X 
P. angulata germinated, that some of the 493b X 
P. ixocarpa seeds might also be viable. But in 
the latter case, the polien parent has embryos 
as large as or larger than those of the seed parent, 
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in contrast to the situation in the former, and 
the under-sized embryos presumably represented 
cessation of embryo growth at a fairly advanced 
but immature stage of development. 

The fact that even partially mature hybrid 
seeds were obtained from 493b X ixocarpa 
confirms the impression from observing the 
plants in the plot, that 493b is more closely 
related to P. txocarpa than are any of the other 
species studied. It may be regarded as a 
connecting link between P. ixocarpa and P. 
angulata, distinct from both, but, from karyolog- 
ical and breeding evidence, probably more 
closely related to the latter. 


LANCEOLATAE 


The section Lanceolatae of Rydberg is de- 
scribed as consisting of species perennial from a 
horizontal rootstock, with sparse, simple, some- 
times jointed (or in P. pumila, branched) hairs, 
leaves from lanceolate to ovate-cordate. Orig- 
inally it included P. lanceolata Michx., P. pumila 
Nutt., P. virginiana Mill., P. arenicola Kearney, 
and P. ciliosa Rydb. In the Manual of the 
Southeastern Flora, P. subglabrata Mack & Bush 
(see above, p. 155) is included in the Lanceolatae. 
The other perennial species of the defunct 
Philadelphicae, P. longifolia Nutt., P. texana 
Rydb., and P. macrophysa Rydb., should also 
be included here. In the Manual are also 
included P. monticola C. Mohr., P. rigida Pollard 
and Ball, and P. intermedia Rydb. (P. virginiana 
v. intermedia of the monograph). 

This section, which is the commonest and 
most wide-spread in the North American range, 
is also the most difficult taxonomically. Of the 
characters which have been used in species 
determination, i.e., outline and texture of the 
leaves, density of pubescence, and shape of the 
fruiting calyx, each, if considered singly, is 
represented in the twelve species which have 
been described in a closely graded series. More- 
over, the commoner species at least show con- 
siderable intraspecific variation in these char- 
acters. The result has been confusion of species 
identity and some justifiable doubt as to the 
validity of some of the species. 


Herbarium Studies and Geographic Distribution 


P. ciliosa and P. arenicola, which are common 
in and apparently confined to Florida, differ 
principally in character of the pubescence, which 
is mostly long and non-glandular in the former 
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and fine and more or less glandular in the latter. 
They are connected by closely intergrading 
forms from several locales in their widely 
overlapping or simultaneous ranges, and these 
forms are rather common throughout the range. 
Intergrades between P. ciliosa and P. arenicola, 
and other Lanceolatae, were not observed. 
Among the three forms P. subglabrata, P. 
virginiana, and P. longifolia, the only reliable 
distinguishing characters are those of the leaves, 
which in P. virginiana are ovate-lanceolate, 
rather thick and markedly toothed; in P. subgla- 
brata, thin, subentire and lanceolate with broad 
base and narrowly acute apex; and in P. longi- 


folia, thin, subentire, and long and narrowly 


lanceolate, oblanceolate or even linear. P. longi- 


folia also has, rather consistently, a less angled, 


longer, truly ovoid, and less inflated fruiting 
calyx, not at all sunken at the base and more 
nearly like that of P. lanceolata, but exceptions 
have been seen. 

P. subglabrata appears to be the common form 
east of the Mississippi and south of the Ohio 
Rivers, and extends as far north as Lake Erie. 
P. virginiana is common in the central plains 
from Michigan and North Dakota to Oklahoma, 
and P. longifolia occurs principally on the high 
plains west of that range, extending as far west 
as Idaho and Nevada, and south to Texas, New 
Mexico, Arizona, probably also into north- 
western Mexico. These ranges are, however, 
far from mutually exclusive. P. virginiana 
occurs sparingly from Long Island to Florida, 
Texas, and Utah; P. subglabrata is scattered 
through the Middle West and has been collected 
in Idaho; while P. longifolia or a form indistin- 
guishable from it has been found at the southern 
tip of Lake Michigan. Moreover, forms re- 
sembling P. longifolia except in the dentate 
leaf margins, which are those of P. virginiana, 
have been seen from El Paso, Abilene, and 
Denison, Texas, Norman and Stillwater, Okla- 
homa, and Lawrence County, Indiana. Forms 
intermediate between P. virginiana and P. sub- 
glabrata are occasional throughout the range 
east of the Mississippi River. 

P. macrophysa was represented in the material 
studied by only ten specimens, seven of which 
were from various stations in Texas, two from 
New Mexico, and one from Allenton, Missouri. 
The rather extensive Physalis collection of the 
University of Texas Herbarium contained only 
five specimens of this species; it is apparently 
rather rare. Specimens from Kerr, Walker, and 





162 MARGARET YOUNG MENZEL 


Montgomery Counties, Texas, had the very 
large, much inflated, deeply sunken pyramidal 
fruiting calyx which characterizes the species 
(Rydberg, 1896) and the two last had very large 
seeds, 3 mm. or more in diameter, almost twice 
the usual seed size in this group. A specimen 
doubtfully referred here, from western Howard 
County, Texas (B. C. Tharp 2935) had smaller 
seeds, about 1.8 mm. in diameter. This may 
rather belong to P. longifolia, but the larger, 
broader, dentate leaves are those of P. macro- 
physa. This species is described as almost 
entirely glabrous; several of the specimens seen 
had sparse, short, coarse white hairs on the 
leaf blades, and puberulent fruiting calyces. 

P. texana, represented by only four specimens 
from the Texas coastal plain, appears quite 
distinct in this material, which agreed well 
with the living material identified as this species. 

P. lanceolata, With small thick, oval, oblan- 
ceolate or spatulate leaves, tapering gradually 
to the base of the short winged petiole, is 


distinguished from its nearest ally, P. pumila, - 


by the pubescence, which is entirely simple in 
the former, partially simple and partially once 
or twice branched in the latter.6 Rydberg 


expresses some doubt as to the distinctness of 
the two, which is surprising in view of his accept- 


ance of several other species of this section 
which are separated by comparably small 
characters. The relation of P. lanceolata and 
P. pumila awaits the study of living material 
for clarification, but, in general, forms with the 
branched pubescence have larger, more oval 
leaves with longer, and more distinct, petioles, 
and a stricter habit. P. lanceolata has been 
examined from western Indiana, Wisconsin, and 
Michigan to Texas and Nevada. P. pumila 
was represented from a smaller range, Illinois to 
Oklahoma and northern Texas. Where both 
species occur, P. pumila appears to be the com- 
moner form. 

Michaux described P. lanceolata as a perennial 
species from North Carolina, with lanceolate, 
subentire, subsessile leaves. Its range, as Ryd- 
berg (1896) points out, is principally on dry 
prairies west of the Mississippi, but apparently 
it does occur rarely much further east. A 
typical specimen (Bud E. Smith 1293) was seen 
from Hartsville, Darlington County, South 
Carolina. Another specimen from the same 
place (Bud E. Smith 1294) is typical P. virgin- 

® The branched hairs are not, as Rydberg thought, 
generally confined to the lower leaf surface. 
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tana. Also from the vicinity of Hartsville come 
a series of specimens intermediate between these 
two species: B. E. Smith 122, 860, and May 10, 
1932, in which the leaves are subsessile and thick, 
but wavy-margined to subentire and acute at 
both ends (the apex in P. lanceolata is usually 
obtuse or rounded); B. E. Smith 854, with 
thick, subsessile leaves, acute at the apex and 
broader than in typical P. lanceolata; J. B. 
Norton 1921, and W. C. Coker 5/14/10, in 
which the leaves are oval or oblanceolate, but 
very thin and wavy-margined, the petioles short 
but distinct (not winged); W. C. Coker 1909, 
which resembles the last two except in the much 
shorter and sparser pubescence; and B. E. Smith 
66 (Eleanor Island), which has the thick, 
oblanceolate hairy leaves of P. lanceolata, but 
dentate margins and a short distinct petiole. 
In addition, Radford and Stewart 589 (Lee 
County, North Carolina) and A. Cuthbert 
Aug. 9, 1902 (Augusta, Georgia) have thick, 
entire, subsessile blades (petioles scarcely dis- 
tinct) but acute apices. 

Forms resembling P. virginiana in leaf shape 
and distinct petioles, but with very thick blades 
and sinuate but not dentate margins, have also 
been seen from Wisconsin (E. A. Mearns 489, 
Juneau County, Camp Douglas, and C. C. Albers 
33069, Columbia County). 


Living Material 


One collection of P. texana (459a) and one of 
P. arenicola (586a) have been grown. Both of 
these species have 2n=24, and the karyology 
does not differ markedly from that of the 
P. virginiana-subglabrata complex. (See table 
3, and figs. 19 and 20.) Seedling lines have not 
yet been established from these accessions. 

The only other Lanceolatae studied in living 
material belong to the P. virginiana-subglabrata 
complex. Typical P. virginiana was represented 
by 390a and 391a (seed collected by O. E. White 
near Delmont, South Dakota), and 445a, 446a, 
447a, 448a and 467a (Kansas). P. subglabrata 
was represented by 439a, 440a, and 460a (lines 
established from native weeds at the Blandy 
Experimental Farm, Clarke County, Virginia), 
439b, 439c, 439d, 439e (near Marshall), 503a and 
504a from Virginia, and 505a from _ Illinois. 
Five other collections proved to be intermediate 
in leaf shape, texture, and leaf margins between 
P. virginiana and P. subglabrata: 504b (collected 
by G. B. Wolcott, Keezeltown, Virginia), 442a 
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(Indiana), 449a (Illinois), 506a and 507a (Iowa). 
A sixth collection, 395a (Charles Mix Co., 
South Dakota), had rather thick, narrow, oval 
to fusiform leaves, obtuse to acute at the apex 
and tapering acutely at the base into the petiole, 
which was somewhat winged. The leaf margins 
were mostly subentire or slightly undulate, but 
in one plant, the dentate margin approached 
that of P. virginiana. This form is intermediate 
between P. virginiana and P. lanceolata, and 
resembles the aberrant specimens seen from 
Wisconsin. 

It has been mentioned in connection with 
herbarium material examined that the only 
reliable characters separating the species P. 
virginiana and P. subglabrata are those of the 
leaf. This observation was confirmed by the 
seedling populations grown. The accessions re- 
ferred to the ‘‘species’’ above were constant, 
among seedling progenies, for the constellation 
of leaf characters typical of that species. They 
showed, however, considerable parallel variation 
in shape of the fruiting calyx, color of the ripe 
fruit (which was green, greenish-yellow or 
bright yellow, with or without reddish-brown 
speckling or mottling), amount and type of 
pubescence (whether loose or appressed), depth 
of color of corolla and corolla spots, and growth 
habit. The “intermediate” collections showed 
the same range of variation in these last char- 
acters, and also some variation both between 
and within seedling progenies in thickness, shape, 
and toothing of the leaves. 


Karyology 


The chromosomes of the P. virginiana-subgla- 
brata complex (2n=24) were the largest en- 
countered (table 2, and figs. 15-20), averaging 


about 350 units in total length. The S/T ratio 
was among the highest, about .39 to .41. Signif- 
icant differences in morphology among the forms 
studied were not observed. In all forms ex- 
amined, the complement consisted of about six 
chromosome pairs with median, five with sub- 
median, and one with subterminal centromeres. 
The shortest, subterminally constricted pair 
could occasionally be seen to bear.a satellite 
on the short arm. Secondary constrictions 
were occasionally present near the end of one of 
the longer medianly constricted chromosomes, 
and also on the longer arm of one of the longer 
pairs with submedian centromeres. 


PHYSALIS 


Crossing Behavior 


In 1946 eight pollinations were made of P. 
virginiana X P. subglabrata, but no seed set 
was obtained. Of eleven crosses of P. subgla- 
brata 439a X P. virginiana 391a, however, three 
yielded fruits containing a total of about 450 
seeds. Small F, progenies, a total of about 
thirty plants, have been grown from these 
crosses (SH257, SH262, SH263). That they 
are hybrids is affirmed by the dominance of the 
much-toothed leaf margin of the pollen parent 
over the entire or slightly wavy margin of 
439a. In other characters in which 439a and 
391a differ slightly, dark versus lighter green 
color, narrow versus broader leaf apices, strict 
versus somewhat spreading habit, very sparse 
versus slightly longer and denser pubescence, the 
F, appears to be about intermediate. 

The hybrids were planted in greenhouse flats 
in 1947, and later transferred to greenhouse 
pots. They did not bloom the first year, but, 
when transplanted to a plot outside in the 
spring of 1948, grew vigorously and bloomed 
and set fruit profusely. The fruiting calyx and 
berries were fully as large as those of the parents, 
and contained numerous plump seeds. There 
was no apparent reduction in fertility. 


Environmental Variation in P. subglabrata 


Since P. subglabrata is common in northern 
Virginia, opportunity was at hand for studying 
it in the field. It is common in cornfields, 
roadsides, railroad embankments, fence rows, 
and partially cleared woods, in short, in nearly 
any disturbed ground. There appears to be a 
rather marked morphological response to differ- 
ent habitats in this form. When growing in 
partial shade, the plants are very tall and 
strict, with much larger, thinner, darker green 
leaves, broadly ovate in outline and quite 
glabrous except on the veing of the leaves. 
These shade forms are easily distinguished from 
plot-grown plants of P. virginiana. Forms 
growing in sunny locations, however, are lower 
and more spreading, with smaller, thicker, 
narrower, more lanceolate leaves, often markedly 
unequal at the base and with undulate margins 
or even one or two teeth at the broadest part of 
the leaf, and sparingly hairy on stems, leaves, 
and calyces, with stiff, appressed white hairs. 
These forms closely resemble P. virginiana 
except in the character of the leaf margins. 
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That the differences in shade and sun forms 
are principally induced by different environments 
was demonstrated by moving rhizomes from 
wooded locations to the experimental plot (in 
full sun) and vice versa, and by seedlings of 
shade forms grown in the plot. In all cases, 
the plants developed the characteristics typical 
of the site in which they were growing. It is 
not known whether P. virginiana shows a com- 
parable environmental response. Although both 
shade and sun forms of P. subglabrata were 
encountered in the herbarium material studied, 
similar forms of P. virginiana were not recog- 
nized. 


Discussion 


Much further study of living material is 
needed, from both the genetic and ecological 
point of view, to clarify the status of species in 
the Lanceolatae. The rather common occur- 
rence of intergrading forms between P. ciliosa 
and P. arenicola, and between P. virginiana and 
P. longifolia, P. subglabrata and P. lanceolata, 
as those species are defined, strongly suggests 
that innate barriers to interbreeding are but 
poorly developed, if not absent, between many 
of these forms. P. ciliosa is probably only a 
form of P. arenicola, not sufficiently distinct to 
deserve even varietal rank. The case of the 
virginiana-subglabrata complex is similar, except 
that the geographical range involved is much 
wider. That these forms are but interbreeding 
forms of one species is substantitated by the 
intermediate character of lines collected in 
western Virginia, Indiana, Illinois, and Iowa, 
and by the fact that an apparently fully fertile 
hybrid has been obtained between typical 
strains of the two “‘species”’ from widely separated 
localities (i.e. Virginia and South Dakota). 
Suspicion is justified that much the same rela- 
tionship may exist between P. virginiana proper 
and the other “‘species” with which it intergrades. 
Indeed, all of the Lanceolatae, except perhaps 
P. arenicola (including P. ciliosa), P. texana, 
and P. macrophysa, may constitute one large 
interbreeding complex, in which the more or 
less well defined small constellations of characters 
formerly considered indicative of specific rank 
are only differential frequencies of certain genetic 
factors in different regions. Extensive breeding 
studies among all the forms of the section are 
needed to test this hypothesis. 
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HETEROPHYLLAE 


The Heterophyllae of Rydberg consist of per- 
ennials with dense simple and generally some. 
what glandular pubescence, often mixed with 
long jointed hairs, the leaves generally broadly 
ovate to cordate, the fruiting calyx obtusely 
5-angled. It originally included P. peruviana 
L., P. heterophylla Nees, P. comata Rydb,, 
P. hederaefolia Gray, P. rotundata Rydb., and 
P. muriculata Greene. In the Manual of the 
Southeastern Flora, P. sinuata Rydb., P. ambigua 
(A. Gray) Britton and P. nyctaginea Dunal are 
included. 

P. peruviana is a native of Peru, now widely 
distributed as a tropical weed. Its occurrence 
in the United States is probably only sporadic; 
it does not appear to have become established 
anywhere in the country. 

P. sinuata is most closely allied to P. arenicola; 
it is a rare and poorly understood form from 
Florida, and may be only a large-leaved variant 
of that complex. 

P. muriculata apparently occurs principally in 
Mexico, in Baja California; it is rare in southern 
California. 

The commonest forms of the United States 
are P. heterophylla and the allied P. ambigua 
and P. nyctaginea of the eastern and middle 
western range; P. hederaefolia of the southwest 
from Colorado and southeastern Nevada to 
Texas and southern California, and into Mexico, 
and the allied form P. rotundata; and P. comata, 
which occupies both a geographical and a 
morphological range between those of P. hetero- 
phylla and P. hederaefolia 


Herbarium Studies 


As in the case of the Lanceolatae, sampling 
has scarcely been intensive enough, considering 
the wide distribution of the species involved, 
to admit accurate statement of the ranges of 


the described species. A few tentative conclu- 
sions may be mentioned, however. 

In the monograph (p. 349), Rydberg regarded 
P. ambigua and P. nyctaginea as synonyms, and 
considered them a variety of P. heterophylla, 
P. h. ambigua (Gray). In the treatment for 
Small’s Manual, he separated P. ambigua and 
P. nyctaginea from P. heterophylla on the basis 
of the pubescence, which is partially very long 
and scarcely glandular in the first two, and 
entirely short, dense, and viscid in the last. 
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P. ambigua has dense pubescence, light green 
leaves (usually dentate and rarely acuminate), 
and, generally, purple anthers, while P. nycta- 
ginea has darker green leaves, pubescence on the 
leaves at least rather sparse and not at all 
puberulent, the leaves ovate, rounded or cuneate 
at base, the apex more or less acuminate, the 
anthers yellow. (The anthers of P. heterophylla 
proper are described as generally yellow.) 

In the material examined, no constant group 
of characters was found which corresponded to 
those of P. ambigua. Each of the characters 
attributed to P. ambigua appeared as often or 
oftener associated with others attributed to P. 
heterophylla, itself a very variable species. It is 
the present opinion of this author that P. 
ambigua is not even varietally distinct. 

P. nyctaginea cannot be dismissed so easily. 
It is difficult to determine what the name applies 
to. Four specimens seen, however, from Rhode 
Island, Pennsylvania, Indiana, and Virginia 
have thin, dark green, ovate, subentire leaves 
with sparse, long hairs (not at all puberulent), 
yellow anthers, and firmer, more sharply car- 
inate, less hairy fruiting calyces. This form may 
deserve specific rank. 

One other form assigned to P. heterophylla 
deserves mention. 


A number of specimens from 
Texas showed a rather constant constellation 
of characters distinguishing them from other 


heterophylla variants seen. The leaves are 
smaller (although the larger generally exceed 
5 cm. in length), the pubescence is longer and 
less glandular, the blades thinner. The leaves 
are deltoid rather than ovate or heart-shaped, 
more or less cordate at base, the apex abruptly 
long-acuminate, margins broadly and _ rather 
deeply dentate or notched, the teeth obtuse. 
This form apparently occurs rather frequently in 
central Texas, especially around Austin, where 
it has been collected extensively. Only one 
specimen of typical P. heterophylla has been 
seen from Texas (E. J. Palmer 11801, San Saba). 

Most material labelled P. rotundata was ref- 
erable to either P. hederaefolia (from which 
Rydberg considered it doubtfully distinct) or to 
P. comata. Specimens which might be con- 
sidered distinct were three in number, and 
skirted the edge of the P. comata range, which 
is further east then that of P. hederaefolia. 
They probably belong to P. comata. 

The position of P. comata itself is equivocal. 
In describing it, Rydberg (1896) remarks that 
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it might be considered a variety of either 
P. hederaefolia or P. heterophylla with about 
equal reason. It is intermediate in leaf and 
pubescence characters and approaches both 
species at its extremes, i.e. the name is applied 
to forms which fall outside the defined limits 
of those two species and which show a well- 
nigh complete series of gradations between 
them. Moreover, P. comata appears to occur 
roughly along a belt joining the ranges of P. 
heterophylla and P. hederaefolia, which otherwise 
scarcely overlap. 


Living Material 


Fifteen collections of P. heterophylla have 
been grown from seed: 433a, 486a, 487a (Over- 
all), 486c, 489a (Strasburg), 490a, 490b (Paris) 
from Virginia; 434a (North Carolina), 499b 
(Winchester, Ohio), 442b, 443a and 457a (Indi- 
ana), 528a (Michigan), and 499a (Nebraska). 

Seedling populations showed considerable vari- 
ation both within and between lines with 
regard to leaf outline (from broadly cordate to 
ovate and rounded or even cuneate at base, the 
apex obtuse, acute, or acuminate, margins 
subentire or slightly wavy to raggedly dentate), 
prominence of venation, pubescence (wholly 
fine, dense and short, to partly short and dense 
interspersed with varying numbers of very long, 
pointed white hairs), color of the anthers 
(yellow, or maroon- or purple-tinged), and shape, 
extent, and color of the corolla markings (usually 
purplish-black or brown, but in a few plants of 
490a, maroon). The habit of growth (erect 
from one or several stems, ascending, or reclin- 
ing) was generally rather constant within a line, 
but varied considerably between lines. 

Segregation appeared to be taking place more 
or less independently for the variable characters 
observed; no constant association of characters 
was seen which might distinguish separate 
species or subspecies. Moreover, no_ special 
geographical distribution of particular characters 
was noted; one or another collection from 
northern Virginia duplicated all of the characters 
noted in the lines from more western sources. 

Two forms were grown, however, which may 
be distinct. The first of these was represented 
by 500a and 500b (Nebraska). Voucher spec- 
imens accompanying the seeds (which were 
somewhat larger, flatter, and browner than those 
of typical P. heterophylla) had the small (43 cm. 
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or less), rounded ovate, repand-dentate leaf 
blades and finer, soft, non-glandular pubescence 
of P. comata. Seedlings grown at the Blandy 
Experimental Farm differed in having somewhat 
larger lower leaves (to 7 cm.), although the 
upper leaves usually were not over 5 cm. long. 
The petioles, however, were much shorter than 
the leaves in all specimens. The plants were 
low and spreading, and the foliage, which was 
light green (as were the P. heterophylla lines), 
had a silvery cast not seen in other lines. These 
collections are here considered to represent 
P. comata Rydb., although they, and indeed the 
species, may prove to be only a form of P. 
heterophylla. Seedlings of 500a and 500b were 
quite uniform, both between and within the 
two lines. 

The second form, 529a, was grown from seed 
collected at Williamsburg, Virginia. It cor- 
responded rather well to the four specimens 
referred above to P. nyctaginea. The plants 
were uniformly erect, with many stems, .5-.75 
dm. high, from a running underground stem. 
The leaves were large (blades 8-10 cm. long), 
dark green, thin, firm-textured, ovate, acute or 
acuminate at the apex, rounded to cuneate at 
base, the margins subentire to repand-dentate. 
The pubescence consisted entirely of long, 
spreading, pointed, non-glandular hairs, moder- 
ately dense on stems and calyces, sparse on the 
leaf blades (in older leaves confined mostly to 
veins of the under surface). The upper surface 
of the leaves had a rather glossy appearance. 
The fruiting calyces were more inflated and 
more carinately 5-angled, of firmer texture 
than those of P. heterophylla. The plants 
spread so rapidly from the rhizomes that in the 
second year in the plot they became a nuisance 
as a weed, a feature not encountered in other 
Heterophyllae grown under the same conditions. 

Seedlings of this line were quite uniform, 
unlike the lines of P, heterophylla. 

Ten lines of P. peruviana were studied, eight 
from various botanic gardens, and two others, 
579a (Costa Rica) and 409a (Peru). 

P. peruviana was the only species grown in 
which, once vigorous plants were established, 
there was any difficulty in obtaining ripe fruits. 
The plants did not bloom until August, and the 
tops were killed by the first light frost, before 
fruit had matured sufficiently to ripen. In the 
winters of 1946-47 and 1947-48, no plants lived 
through the winter outside. Plants carried 
over winter in the greenhouse and transplanted 
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to plots in May showed no advantage over the 

same year’s seedlings in earliness of fruiting. 
All collections of P. peruviana grown were 

uniform, 


very nor was any variation noted 
between lines. The collections from Costa 
Rica and Peru were indistinguishable from 


other (probably cultivated) lines. 


Karyology 


All collections of P. heterophylla and allied 
forms had 2n=24. The 2m complement of P. 
heterophylla (fig. 22) consisted of about eight 
pairs with submedian to median, and _ four 
pairs with subterminal centromeres. The aver- 
age S/T ratio was about .39, the average total 
length, about 270 units. Only one analyzable 
plate of P. comata (500b) was obtained (fig. 24). 
The complement appeared to consist of seven 
pairs with median-submedian, and five with 
subterminal centromeres. The total length was 
262 units, the S/T ratio about .37. No satellites 
were seen in either; P. heterophylla showed a 
secondary constriction near one end of one of 
the medium-sized pairs in about half the cells 
examined. 

P. nyctaginea 529a had somewhat smaller 
chromosomes (fig. 23), totalling only about 188 
units in length, of which seven pairs had median- 
submedian, and five pairs, subterminal centro- 
meres. One of the latter showed a satellite on 
the short arm. 

A species from Mexico, identified by J. A. 
Steyermark as P. foetens Poir. (516a, Durango), 
which appears closely related to the Hetero- 
phyllae on morphological grounds, also had 
2n=24, with about eight medianly and four 
subterminally constricted pairs (fig. 25). No 
satellites nor secondary constrictions were seen 
in this species. The S/T ratio was about .40 
for two plates analyzed, the total length about 
292 units. 

The 2” complement (=48) of P. peruviana 
could be divided roughly into 16 pairs with 
median-submedian and eight with more or less 
subterminal centromeres (fig. 21). The four 
shortest chromosomes were markedly subtermi- 
nally constricted, and frequently could be seen 
to bear a satellite on the short arm. Usually 
not more than two, frequently one or none, 
such satellites could be seen per cell, but in one 
cell, three were seen. Secondary constrictions 


were seen occasionally near the ends of longer 
chromosomes, but the large number of chromo- 
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somes precluded assigning these to particular 
pairs. The average S/T ratio was about .37 
for this species. The average length was about 
500 units; there has been little or no reduction 
in chromosome size due to tetraploidy, over 
that of other, diploid, Heterophyllae. 


Crossing Behavior 


Various circumstances permitted only a few 
crosses to be tried between species of the Hetero- 
phyllae (table 3). P. heterophylla X peruviana, 
P. heterophylla X nyctaginea, and P. heterophylla 
X foetens yielded some evidence of fertilization 
in all three combinations, but no good seed. 

Since the Heterophyllae and Lanceolatae 
appear to grade into each other through some 
of their respective species, a few crosses between 
the two sections were attempted (table 3). In 
1948 two fruits were obtained, containing a 
total of 244 plump seeds, from the cross P. 
virginiana X heterophylla. Since no Fy, 
been grown, it remains to be seen 
these are really hybrid. 


has 
whether 


VISCOSAE 


The section Viscosae is composed of perennials 
with partially or entirely stellate pubescence, 
fruiting calyx only slightly angled and seldom 
sunken at the base, lobes connivent, and pedun- 
cles exceeding the fruiting calyx in length. 
The ripe berry is usually bright orange, with 
orange flesh, the anthers yellow (rarely tinged 
with purple), the flowers rotate, 1-2 cm. in 
diameter, greenish yellow, usually with a dis- 
tinctly outlined, brownish or purplish spot in 
the throat. The seeds are usually 1.7-2 mm. 
in longest dimension. 

Rydberg accepts six species: P. mollis Nutt. 
and P. viscosa L., with dense entirely stellate 
pubescence; P. fuscomaculata’? De Rouville and 
P. Fendlert Gray, with very fine, more or less 
dense pubescence, partly stellate and partly 
simple; and P. angustifolia Nutt. and P. Elliotti 
Kunze, which are typically nearly glabrous, 
with mixed stellate and simple pubescence on 
the veins and calyx lobes. A seventh form, 
P. maritima M. A. Curtis, is probably of equal 
rank with these species. 

Species differentiation is based primarily upon 





7 P. fuscomaculata, a South American species, has been 
collected only once in the United States, as an adventitious 


weed growing on ballast at Mobile, Alabama. It has not 
been studied. 
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variations in leaf shape and character of the 
pubescence, and, as Rydberg notes, the species 
intergrade more or less in these and other 
characters. Three lines of evidence regarding 
relations in this group have been utilized: the 
relation of natural variability to geographic 
distribution, based on herbarium material; the 
variation in seedling populations; and artificial 
hybrids. 
Karyology 


The chromosome complements of all Viscosae 
examined (figs. 28-35) are composed of 12 pairs, 
decreasing in size from a long pair with median 
or submedian constrictions to a very short 
pair with subterminal centromere, bearing a 
satellite on the short arm. In general, decrease 
in length accompanies decrease in short/long 
arm ratio; the second and third shortest pair 
are subterminally constricted. 

The S/T ratio ranges from about .36 to .39; 
the total length from about 260 to 305 units. 
These ranges are similar to those of the Hetero- 
phyllae. 


Geographic Distribution and Natural Variation 


P. mollis, with cordate to deltoid or reniform 
leaves and dense stellate pubescence, occupies 
what might be considered the central range of 
this section in the United States. It occurs from 
southern Kansas and Arkansas through Okla- 
homa and Texas south into Mexico. The 
boundaries of this species, as it is at present 
defined, are fairly well understood, but several 
forms are included under the name. Rydberg 
recognized three: (a) the typical, thinner leaved, 
greener form common in Mexico but apparently 
rare above the Texas border; (b) the common, 
cinereous form (var. cinerascens (Dunal) Gray) 
of Texas and Oklahoma; and (c) a smaller-leaved 
form of P. m. cinerascens, P. m. parvifolia 
Rydb. The two last forms will be referred to 
here as P. mollis Types I and II, to distinguish 
them from at least three other forms related to 
P. mollis and at present included in it. These 
forms show rather consistent constellations of 
characters and appear to occupy distinctive and 
somewhat overlapping ranges. These are: (d) 
Type III: forms with shorter, stiffer, sparser 
and more regularly arranged pubescence, bluish 
gray in color, larger deltoid to round leaves, 
not at all cordate at base and tapering more or 
less abruptly into the margined petiole, the 
margins with broad, blunt, shallow teeth, or 
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undulate to subentire. When dried, the leaves 
are rather thick and have the texture of fine 
sandpaper rather than the plushy texture of 
other forms. This form extends further north- 
west than any of the others, overlapping Type | 
along its southeastern boundary, and the follow- 
ing forms in its most eastward extension (near 
Dallas, Texas). (e) Type IV: forms usually with 
larger leaves than P. m. cinerascens, the blades 
deltoid, pointed at the apex, with several deep, 
broadly triagular, blunt teeth, more or less 
cordate at base, the stellate pubescence very 
dense, short, and woolly. This form extends 
from southern Oklahoma across central Texas 
to San Antonio; a specimen belonging to it has 
also been collected in the Sierra Madre Mount- 
ains, Nuevo Leén, Mexico. (f) Type V: forms 
resembling Type IV in leaf shape, but the dense 
short pubescence is interspersed on calyx and 
peduncles (occasionally on stems and leaves) 
by very long, coarse hairs, simple to three or four 
times branched. The fruiting calyx is ovate- 
pyramidal, much inflated, deeply sunken at the 
base, and longer than in the other forms, 
reaching 5 cm. in length. Type V occurs on the 
higher coastal plains of Texas, south to the Rio 
Grande Valley. 

Intergrades between Type I and Type III 
with respect to leaf shape and pubescence occur 
near Dallas, Texas. Intergrades between Type 
I and Type IV, as well as a number of other 
doubtful stellate specimens, have been collected 
in the vicinity of Austin, Texas. 

An analogous situation centers around the 
coastal species P. viscosa, P. elliotti, P. angusti- 
folia, and P. martima. P. viscosa grows on sea 
beaches or near the coast, and ranges from North 
Carolina to Argentina. The pubescence is 
dense, the leaves elliptic, oval or ovate, entire or 
undulate, obtuse, often cordate at the base in 
the South American range but rarely so in ours. 
Although ordinarily coastal, P. viscosa extends 
inland in Florida along the St. John River and 
in the vicinity of Lake Okeechobee and its 
tributaries. 

Specimens from the vicinity of Buenos Aires 
approach the inland South American species, P. 
fuscomaculata. 

One variety of P. viscosa, P. v. maritima 
(Curtis) Rydb., is retained by Rydberg in his 
monograph. This variety is described as having 
“‘spatulate to oblong leaves, gradually tapering 
into the petiole, often thickish and of a firm 
texture.”” He included three forms here: (a) 
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The longer-, narrower-leaved variants of the 
species which occur sporadically throughout the 
Atlantic Coast range from North Carolina to 
Florida. (b) A form here designated as P. 
viscosa Type II, which has been collected ex- 
tensively in Dade Co., Florida, around Miami, 
with thick, fusiform leaves tapering to the base 
of the winged petiole, which is scarcely distinct. 
This form differs from P. elliotti only in being 
densely stellate-pubescent all over. (c) A form 
which apparently replaces P. viscosa partially 
if not entirely along the southern two-thirds of 
the Texas coast. This third form differs mark- 
edly from other P. viscosa forms in the texture of 
the pubescence, which is short, stiff, and regularly 
arranged, as it is in P. mollis Type III. In the 
field, these plants are light green and cinereous, 
contrasting sharply with the dark green color 
and soft texture of P. viscosa. The fruiting 
calyx and berry are also somewhat larger, the 
former reaching 5 cm. in length. 

Rydberg (1896) states that Curtis described 
P. maritima from Lindheimer No. 136 (1842-43), 
This specimen is a typical representative of the 
Texas coastal form, with rough-textured pube- 
scence and thick, light-colored leaves lacking a 
distinct petiole. This form probably has more 
claim to specific rank than does P. elliotti; 
intergrading forms between P. maritima and 
either P. viscosa or P. mollis, the two contiguous 
stellate species, are not common if they are to 
be found at all. Relegation of the name, 
therefore, to varietal rank under P. viscosa, to 
include the first two forms of that species, 
appears unjustified. 

P. elliotti differs from P. viscosa in its longer, 
narrower, thinner, light green, spatulate to 
lanceolate leaves and in its much finer, very 
sparse pubsecence, which is often confined to 
the veins and calyx lobes, and composed partly 
of simple hairs. It ranges along the western 
coast of the Florida peninsula, where it appar- 
ently replaces P. viscosa at least partially. 

P. angustifolia, another nearly glabrous form, 
has thick, linear leaves, and is found on the 
keys off the southern tip of Florida. It is also 
the common, and perhaps the only, form on 
coastal sand dunes between Pensacola and 


Appalachicola, and forms approaching it have 
been collected from Tampa Bay, Florida, and 
Biloxi, Mississippi. 

P. viscosa is clearly distinct from the last two 
species in the northern part of its Atlantic 
Coast range, and specimens collected as far 
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south as the northern border of Dade County 
are referable to that species without difficulty. 
Specimens from the Florida Keys are uniformly 
referable to P. angustifolia. All specimens seen 
from the Everglades were clearly P. viscosa 
Type II, intermediate between that species 
proper and P. elliottt, but not segregating for 
the contrasting characters of the two species. 
Moreover, it appears that P. elliotti is at least 
the predominant coastal form from Cape Sable 
as far north as Tampa Bay. Around Tampa 
Bay, however, occur not only forms referable to 
all three species and P. viscosa 11, but a number of 
intergrades which appear to be segregating for 
the characters of the three species. The Gulf 
Coast between Florida and Texas was not well 
represented in the specimens examined, but it 
appeared that much the same situation exists 
at least as far west as the Mississippi Delta. 

In addition, specimens resembling the broader- 
leaved forms of P. viscosa, and not definitely 
assignable to either P. viscosa or P. mollis, 
occur near the Texas coast, where the ranges of 
those two species meet. The author has col- 
lected such intergrades in Louisiana at five 
locations between Lafayette and Lake Charles, 
growing on railroad embankments along U. S. 
Highway 90. 

P. fendleri occupies a range in the drier 
regions of the Southwestern United States, 
and Mexico, and apparently does not overlap 
the range of P. mollis, geographically its closest 
relative, with the possible exception of a small 
region in the trans-Pecos region of Texas. No 
intermediate forms connecting it with any other 
stellate species were seen in the material ex- 
amined. However, it occupies in part the same 
range as P. hederaefolia, a species placed in 
the Heterophyllae by Rydberg on the basis 
of its entirely simple pubescence, and con- 
nected with P. heterophylla through P. comata. 
It is with this species that P. fendleri shows 
closest affinity. Both species have very fine 
pubescence, which in P. fendleri is of mixed 
simple and stellate or branched hairs. The 
proportion of the latter varies from almost 100 
per cent to only a few, primarily on calyx 
teeth and peduncles. The two species are 
morphologically so similar that they cannot be 
distinguished in herbarium material except on 
this one character, and then only by examination 
under considerable magnification. Herbarium 
sheets bearing more than’ one plant often prove 
to have a representative of both forms, indicating 
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that the two are found growing close together. 
The one collection of this complex examined 
cytologically (553a) was examined from germ- 
inating seeds of the same year’s seed set. At- 
tempts to germinate seeds the following year to 
establish a seedling population failed to yield a 
single plant, so that whether segregation occurs 
for pubescence characters in the progeny of one 
plant remains undetermined. The original speci- 
men from which the seeds were taken (Gould 
3952) proves to be one of the forms having only 
a few branched hairs on the calyx lobes. As 
the species have been defined, this places it in 
P. fendleri. The suspicion arises, however, 
that P. fendlerit and P. hederaefolia are not really 
distinct, but rather one form with variable 


genes for the presence and number of stellate 
hairs. 


Seedling Populations 


The stellate species were represented by the 
following lines: P. mollis (typical): 518a. P. 
mollis Type I: 513a, 462a, 463a (Jim Wells Co., 
Texas), 464a (Cotulla, LaSalle Co., Texas), 
465a and 523a. P. mollis Type III: 416a. 
P. maritima: 561a. P. viscosa (typical): 402a, 
seeds from three plants collected by W. C. 
Gregory at Marineland, Florida, and_trans- 
planted to Cookeville, Tennessee, received from 
M. P. Gregory; 558a, 317c, and 585a (grown 
from rhizomes only). P. elliotti: 397a. 

Seedling populations of P. mollis and P. mollis 
I showed little variation either within or between 
accessions. The only marked variation noted 
was in 523a, which had greenish-yellow berries 
becoming brownish when dead ripe, the flesh 
greenish, rather than the bright orange, orange- 
fleshed fruit found throughout the Viscosae. 

The single collections of P. mollis III (416a, 
one original clone and 10 seedlings) and P. 
maritima (18 seedlings from original collection) 
also showed little variation; the population of 
P. maritima was especially uniform. 

The same was true of P. viscosa 585a and 558a, 
from South Carolina and Florida respectively. 
Both gave uniform populations, the latter a 
rather thick-, spatulate-leaved type. However, 
two other collections of P. viscosa, 317c and 402a, 
and the one collection of P. elliotti, 397a, yielded 
very variable seedling populations. 

P. viscosa 402a and 317c: Leaf shape in seed- 
lings varied from broadly ovate, very obtuse to 
truncate or very slightly cordate at the base, to 
obovate or spatulate. A few seedlings ap- 








proached P. elliotti in leaf shape. The latter 
were lighter and brighter in color, and less 
densely pubescent; two were nearly glabrous. 
There was a correlation between leaf shape and 
pubescence ; the glabrous forms were those which 
most closely approached P. elliotti in leaf shape. 

Two kinds of plants were noted among 5 seed- 
lings of 317c: Three were densely velvety- 
pubescent, dark green, and cinereous, had rotate 
greenish-yellow corollas with distinctly outlined 
dark spots in the throat, and 10-angled, ovate, 
pubescent fruiting calyces of typical P. viscosa 
type. Two plants were bright green, nearly 
glabrous, with smooth green stems, flowers 
open-campanulate, with darker veins but no 
sharply-defined dark spots in the throat, and 
fruiting calyces ovate-pyramidal, a little stellate- 
pubescent on the lobes. These latter plants 
closely resembled P. elliotti. 

It should be noted that these collections were 
derived from the Atlantic coast of Florida and 
South Carolina respectively, while P. elliotti is 
apparently confined to the Gulf Coast. It is 
also noteworthy that during the winter of 1947, 
28 seedlings of 402a were left outside; the six 
plants which did not survive the winter were 
those which most closely approached P. elliott. 

P. elliotti 397a: Most of the plants showed the 
bright green color and near-glabrous texture of 
the species. There was much variation in leaf 
size and shape, and in the presence and type of 
dark marking in the throat of the corolla. Three 
plants of the first generation grown approached 
P. viscosa in hairiness, texture of the leaves, 
and corolla form. 

Fertility in the variable collections: There was 
much variation in fertility in 402a and 397a. 
Both gave a few plants which set fruit up to one 
centimeter in diameter and containing a large 
number of good seed. But 402a gave a majority 
of plants which had considerably smaller fruits, 
with as few as three or four seeds, and a few 
individuals were entirely sterile. Only three 
out of ten plants of the first generation of 397a 
grown set any fruit, the most fertile setting only 
six berries containing from five to ten seeds each 
(second season from seedling stage). This 
plant was typically P. elliotti, but a progeny of 
7 seedlings from it varied from smaller-leaved 
types to hairier forms approaching the seedlings 
of Physalis 422a (see below). All five 317c 
seedlings had good seed set the second growing 
season. Meiosis was examined only casually 
in these three collections, but it appeared to be 
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without marked aberration in 15 plants repre- 
senting the range of variation of the three 
collections. Pollen was above 90 per cent 
morphologically good for 13 of these. 

Variation in shape and marking of the corolla: 
The corolla is described as “greenish yellow 
with a darker center,” ‘‘yellow with dark center,” 
and ‘“‘yellow with purple center” for P. viscosa, 
P. elliotti, and P. angustifolia respectively. 
Where this character can be determined in 
herbarium material, however, and in all material 
examined in the field, P. angustifolia appears to 
have a yellow or tan corolla, sometimes with 
darker shading in the throat and angles, but not 
the sharply defined, purplish-black spots typical 
of P. viscosa and P. maritima. Both are found 
in P. elliottt, but the former is commoner; one 
specimen from St. Petersburg, Florida, is said 
by the collector to have “flowers white with 
orange stripes.’’ A few specimens of P. viscosa 
from the Florida peninsula also appear to lack 
the sharply defined corolla spot. 

The variation in P. viscosa 317c in this respect 
has already been mentioned; the P. elliotti 397a 
seedlings also varied considerably in corolla 
markings. Corolla variations in 22 seedlings of 
P. viscosa 402a is summarized in table 5. 

In addition to the collections listed above, two 
other collections deserve mention in this connec- 
tion. 

Variation in Physalis 455a: The first of these, 
455a, was received as a thick rhizome collected 


TABLE 5 


COROLLA VARIATION IN 22 SEEDLINGS OF 
P. viscosa 402a 


Character P. viscosa P. elliotti* 402a seedlings 


corolla spot sharply defined absent or diffuse sharply defined 9 


small, smoky.. 5 
GEFIIEB. «6 605.0 
eee 1 
corolla shape rotate campanulate rotate. . ; 19 
campanulate.. 3 
corolla color pale greenish yellow to tan greenish-yellow 6 
yellow 
yellow...... . 18 
corolla spot purplish black variable: usually purple........ 3 
tan or 
brownish it 
present brown........ 18 


Combinations found in 402a: 
rotate, yellow, brown spots 1 
rotate, greenish, brown spots 
rotate, greenish, purple spots 
rotate, yellow, purple spots 
campanulate, greenish, spots absent 
campanulate, greenish, brown spots 
campanulate, yellow, purple stripes at angles 
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® The characters listed here are those most frequently 
found in P. elliotti, and they are also typical of P. angus- 
tifolia. 
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by Walton Gregory near Tuscaloosa, Alabama. 
A clone of six plants was established from this 
rhizome. In color, texture, and growth habit 
it resembled the broader-leaved segregants of 
P. viscosa 402a, but the leaves were a little 
lighter green, deltoid in outline, or the lower 
reniform, obtuse, somewhat unequal at base, the 
margins undulate to  repand-dentate, veins 
prominent below. The pubescence was rather 
sparse on the older parts, entirely stellate, soft. 
Calyx teeth were more sharply acute than in 
402a, corolla greenish yellow with dark purplish 
spots, rotate, flowers nodding on long peduncles 
as in 402a, anthers purple-tinged, stems green 
(grayish-purple in P. viscosa). 

In short, this clone differed from broader 
leaved P. viscosa forms only in lighter color, 
green stems, and broader, more dentate leaves; 
in these respects it approached the ‘‘typical”’ 
form of P. mollis. But it originated from a site 
in Alabama far inland of the usual range of 
P. viscosa, and far east of the range of P. mollis. 

In 1947 the clone set seed plentifully, and ten 
seedlings were grown in 1948. Considerable 
segregation occurred. Nine seedlings fell within 
the range of P. viscosa 402a, showing rather thick 
leaves, very fine, rather sparse, mostly stellate 
pubescence (woolly on the new growth), nar- 
rowly ovate to very broadly ovate leaves, in 
three plants tapering somewhat to the petioles, 
margins subentire to undulate. The deltoid- 
reniform leaf and undulate-dentate margin of 
the original clone were not recovered. 

The tenth seedling had the general aspect of 
P. heterophylla—longer internodes, larger, light 
green, acute, heart-shaped leaves, with broad, 
shallow, blunt teeth, stems green. The pubes- 
cence was not dense, much longer and looser 
than in the parent plant, composed partly of 
once or twice branched long hairs and long, 
pointed, simple, non-glandular hairs, the former 
predominant on young leaves and calyx, the 
latter on stems. The corolla was of the typical 
P. viscosa type. The fruiting calyx was inter- 
mediate in shape and texture between P. viscosa 
and P. ambigua. 

Meiosis in this seedling and in the original 
clone was examined only at anaphase I]—early 
tetrad stages. No irregularities were noted, 
and in all plates which could be analyzed there 
were 12 chromosomes in each quadrant. No 
fruits were set by the anomalous seedling, al- 
though it bloomed, but this is not unusual 
behavior for first-year seedlings of perennial 
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TABLE 6 
SEGREGATION OF CHARACTERS IN Physalis. 422a SEEDLINGS 
(number of plants showing characters of 
P. heterophylla and P. viscosa) 














Character | (P. heterophylla) | Unlike either species (P. viscosa) 
leaf color light green Z | dark green 9 
stem color green 2 | bluish green 1 | grayish- 

| purple 8 
flower color | yellow 3 | greenish- 
yellow 8 
flower shape) open- intermediate 1 | rotate 9 
campanulate 1 
corolla spot | brown 2 | smoky 1 | purple 8 
| feathered 2 sharply 
defined 9 
pubescence | entirely simple 0 | entirely simple entirely 
| except for a few stellate 1 


forked hairs on 
calyx 
mostly once or 
twice branched 6 
mostly branched 
| to stellate 1 


glandular hairs no glandu- 


present 1 |} lar hairs 10 
| pubescence short on leaves, pubescence 
| long, soft 8 long on stems 1 short 2 
berry color | greenish- greenish skin, bright 
(ripe) | yellow 6 bright orange orange 1 


| flesh 4 


species, especially when their growth has been 
checked by transplanting from greenhouse to 
outside plots. 

Variation in Physalis 422a: A second collec- 
tion, 422a, received as seed from the same vicin- 
ity (collected by W. C. Gregory), was also 
segregating for characters of the Viscosae and 
Heterophyllae. But here a greater incidence 
of heterophylline traits was found. Eleven 
seedlings grown in 1948 were recorded in detail. 
The contrasting characters for which they were 
segregating are summarized in table 6. The 
leaves were larger and thinner than in P. viscosa, 
with longer petioles, rounded-ovate, mostly 
acute at apex, obtuse or rounded at base, 
tapering slightly to the margined petiole, mar- 
gins undulate to irregularly dentate, often wavy. 

One seedling, 422a—7, combined bright green 
color, green stems, long pubescence, and hetero- 
phylla-like flower, and in general aspect much 
resembled that species. Only its branched 
pubescence pointed to stellate ancestry. It dif- 
fered visibly from the anomalous 455a-10 
segregant only in its flower. 

The remainder of the seedlings showed various 
combinations of characters, the commonest (5 
seedlings) being bluish in color, with grayish- 
purple stems, long, soft, mostly once-twice 
branched hairs, pale greenish-yellow, rotate, 
purple-spotted corrollas, and rounded-ovate, 
much toothed leaves, the blades 6-7 cm. long, 
4-5 cm. broad, petioles about 3 cm. long. 
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Crossing Behavior 


A summary of attempted crosses appears in 
table 3. All possible combinations and recipro- 
cals (except 416a X 455a) of P. mollis, P. mollis 
Il], P. viscosa, and 455a were tried in the summer 
of 1947. At least one set of plump seed was 
obtained from each combination, as well as a 
number of fruits which contained seeds in various 
stages short of full development. F, progenies 
were grown in the summer of 1948. 

SH674, P. mollis K viscosa (518a XK 402a-7): 
Twenty seeds were obtained. Fy, consisted of 
eight plants. These presented a very uniform 
appearance. The leaves were larger than those 
of either parent, deltoid, sinuate-dentate as in 
P. mollis, resembling P. viscosa in color, and 
texture of the pubescence. The plants also 
resembled P. viscosa in growth habit. They 
were vigorous and flowered freely the first 
season. Fruit set was heavier than is usual for 
first-year seedlings of either parent. Fertility 
was as high as either of the parent plants, and 
considerably higher than the average for 402a. 

SH901, P. mollis 111 X P. mollis (416a X 
518a): Fifty to sixty seeds were obtained. An 
F, of 14 plants was grown from part of the hybrid 
seeds. The F,; was uniform in appearance, had 
the procumbent habit, leaf shape, and rough 
pubescence of P. mollis 111, the darker color, 
limper and thinner leaf texture, and undulate to 
subentire margins of P. mollis I. All plants 
bloomed and set fruit freely, and there was no 
reduction in number of seeds per berry, as 
compared with the parents. 

Pollen fertility, judged on basis of staining and 
plumpness in acetic orcein preparations at time 
of dehiscence, varied from 68 to 85 per cent (30 
anthers from 12 plants); 416a averages about 
93 per cent and 518a, about 91 per cent. 

SH677: P. viscosa X P. mollis I11 (402a—5 
X 416a. Five plump seeds were obtained. One 
F, plant was grown in the greenhouse in 1948. 
This plant had larger leaves than either parent, 
resembled 416a in color, leaf shape, and dentate 
leaf margin, and was intermediate between the 
parents in texture and thickness of the leaves. 
The stellate pubescence had the regular arrange- 
ment of 416a, but was softer in texture, more like 
P. viscosa. This plant was pot-grown, and had 
not bloomed by November, 1948. 

SH894, Physalis 455a X mollis (518a): 
Twenty plump seeds were obtained. The F, 
consisted of 11 plants and was uniform in appear- 
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ance. It resembled 518a in habit (less leafy and 
less branched) ; the leaves were about the same 
size as and slightly lighter in color than those of 
518a. The influence of 455a (original clone) 
was seen in the deltoid leaves with dentate 
margins. The plants were vigorous and no 
reduction in seed set was apparent. 

SH673, 455a X mollis III (416a): Nineteen 
good seeds were set from the cross, from which 
7 F, plants were grown. The population was 
uniform and showed little influence of the pollen 
parent. It differed from the seed parent 
(original clone) in having darker, more bluish 
color, leaves larger, thinner, more rounded, the 
margins subentire, the base obtuse to cordate 
(character found in neither parent clone), 
especially in the lower leaves. It bloomed freely 
and showed no reduction in seed set. 

Meiosis showed no signs of irregularity, and 
the pollen was about 90 per cent morphologically 
good. 

In view of the rather close resemblance to the 
seed parent, the hybrid nature of this progeny 
is somewhat doubtful. However, its very uni- 
formity suggests that it is not a selfed seedling 
progeny of the 455a clone; it will be recalled 
that seedlings of that clone were highly variable 
and that the parental type was not recovered 
among them. 

Physalis 455a X viscosa; P. viscosa X 455a: 
Thirty-two seeds from the first cross, and 11 of 
the reciprocal were obtained from eleven pollina- 
tions in 1947. About half the seeds were 
planted the following spring, but no germination 
was obtained. Upon dissection, the embryos 
appeared to be well-formed and firm. Further 
attempts to germinate the residual seeds are 
being made. 

Physalis 422a X heterophylla: Plants of this 
cross were obtained, but they were accidentally 
destroyed before their characteristics could be 
studied. 


Relations between ‘‘Spectes’’ in the Viscosae 


Rydberg (1896) noted that the stellate species 
intergrade more or less. Some light is cast by 


the foregoing evidence on the extent and nature 
of this intergradation. 

It appears that sterility barriers to inter- 
breeding are not well developed between what 
have passed for species in the Viscosae. The 
complex relations of P. viscosa, P. elliottt, and 
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P. angustifolia in Florida, the intermediate forms 
between P. viscosa and P. mollis, and between 
other P. mollis types (1 and III, I and IV), the 
complex of forms found in certain locales, the 
segregation in some seedling populations and 
lack of it in others, all point to extensive inter- 
breeding and introgression where the ranges of 
otherwise distinct entities meet. Vigorous and 
apparently fully fertile F, hybrids have been 
obtained experimentally between P. viscosa and 
P. mollis, P. mollis \11 and P. viscosa, and P. 
mollis | and III. 

If the North American Viscosae are examined 
with the view of describing their natural rela- 
tionships, they appear to provide an excellent 
example of a single polytypic species (Huxley, 
1943 :407), ecospecies composed of a number of 
ecotypes (Turresson, 1922; Clausen, Keck and 
Hiesey, 1940), or rheogameon (Camp and Gilly, 
1943). Existing taxonomic treatments fail to 
coincide with these relationships, and revision 
is badly needed. Further detailed cytological 
and genetic analysis of artificial hybrids and 
naturally occurring intergrades is in progress 
with this object in mind. 

As has been pointed out above, the Texas 
coastal form, P. maritima, appears to be distinct. 
The absence of known intergrades with either 
P. mollis or P. viscosa, and the uniformity of a 
seedling population grown from fruits collected 
at Aransas Pass, Texas, may indicate the action 
here of genetic, as well as geographic, barriers 
to crossing. However, the herbarium material 
of this form examined was not extensive, and 
the apparent lack of intermediate forms may 
be rather the result of sampling error. Further 
collections and breeding experiments should 
help to clarify this point. 

The Florida vtscosa-elliotti-angustifolia complex 
has probably been treated taxonomically as 
adequately as present knowledge permits, with 
the exception of the form from the Everglades 
(Dade County, Florida). If P. maritima Curtis 
is restored as the species of the Texas coast, 
the Everglades form is left without a name. 
Although intermediate between P. viscosa and 
P. elliotti, it differs from such intergrades from 
other locales in two respects: it is apparently 
the only stellate form occurring in that region, 
and it is not segregating to any marked degree 
for the contrasting characters of the two species. 
A few similar plants have been seen from other 
places, but always in conjunction with. others 
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showing different combinations, or recombina- 
tions, of the contrasting characters. It appears 
probable that a hybrid segregate of P. viscosa 
and P. elliotti may have become isolated and 
subsequently stabilized locally in the Everglades 
habitat. One may expect that this form would 
not prove to be separated from either P. elliotti 
or P. viscosa by barriers to crossing, and indeed, 
if the postulated origin is correct, it may have 
arisen more than once, or still be arising. More- 
over, while this form is a morphologically con- 
stant unit in the Everglades, forms indistinguish- 
able from it, occurring in what are apparently 
hybrid swarms where P. viscosa and P. elliotti 
overlap on the western coast of Florida, at once 
lend support to its putative origin and further 
confound the problem of nomenclature. 

The appearance of elliotti characters in P. 
viscosa progenies derived from the Atlantic 
coast of Florida and South Carolina poses an 
interesting problem, since elliotti-like forms were 
not found among the herbarium specimens from 
that region, and since P. elliotti itself is appar- 
ently confined to the Gulf Coast. 

Perhaps significant is the fact that no seedlings 
of P. elliotti 397a so far grown at the Blandy 
Experimental Farm have been winter-hardy 
there. Well-established plants of P. viscosa, 
on the other hand, are quite hardy; the forms 
which have been lost in overwintering outdoors 
almost invariably have been those showing a 
fairly large proportion of elliotti vegetative 
characters. 

White (1926, 1940) has drawn attention to 
and emphasized the existence, in a number of 
plant groups, and probable existence in others, 
of individuals native to warm climates but 
potentially tolerant to ranges considerably colder 
than those characteristic of the species to which 
they belong. He considers this not surprising 
since (a) cold tolerance is gene-determined and 
(6) mutations occur at random, without reference 
to the particular environment. It seems reason- 
able, therefore, that the converse is equally to be 
expected, i.e., that populations inhabiting the 
colder portions of a species range may be 
heterozygous for genes determining cold-resis- 
tence, and give rise to a few individuals of 
reduced hardiness, which would not survive. 
This may at least partially explain the presence 
in cultivated populations derived from locales 
far removed from the range of P. elliotti, of 
forms which are not apparently commonly en- 
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countered in herbarium 
locales.® 

The source of elliottt characters segregating 
from P. viscosa populations, however, remains 
unexplained. The overlapping of the ranges of 
P. elliotti and P. viscosa, and occurrence of 
herbarium material from the Gulf Coast of 
Florida showing a series of intergrades and 
recombinations of their characters, plus the 
interfertility of other Viscosae in which artifical 
hybridization has been attempted, all point to 
introgression (Anderson and Hubricht, 1938) as 
the source of these characters. 

If introgression of elliotti genes into P. viscosa is 
the correct explanation, several correlaries must 
be considered. First, many of the characters of 
P. elliotti, both physiological and morphological, 
must be recessive to those of P. viscosa. Other- 
wise, introgression of the former would interfere 
with the establishment of P. viscosa outside the 
range of P. elliottt, and, of the latter, would 
give rise along the Atlantic Coast to more in- 
dividuals showing elliott? characters.° 

Secondly, elliottt genes for lack of tolerance 
to cold must tend to remain associated with 
elliottt genes for vegetative characters, since it 
was the segregants most resembling P. elliotti 
which were lost in overwintering." 

Anderson and others (Anderson, 1939 and 
papers cited therein) have pointed out the 
hindrance to gene recombination imposed by 
linkage alone in hybrid populations, and this 


material from those 





In September, 1949, the author studied P. viscosa 
plants in the field at four stations along the Atlantic Coast: 
Jacksonville Beach, Florida; Sea Island, Georgia; Savan- 
nah Beach, Georgia; Wrightsville Beach, North Carolina. 
P. viscosa was a common dune weed at all four sites. 
Plants examined at the first three locations were all typical 
P. viscosa, and no trace of elliotti characters was noted. 
Three plants collected at Wrightsville Beach, however, 
resembled segregants of No. 402a (originally from Myrtle 
Beach, South Carolina) in exhibiting elliotti characters: 
spatulate leaves, corollas with tan splotches rather than 
distinctly outlined purple spots; narrower less distinctly 
angled fruiting calyces. One of these plants had many 
ripe fruits containing mostly abortive seeds, a condition 
common in the 402a seedlings. 

® Indeed, introgression of elliotti genes may explain the 
fact, pointed out by Rydberg, that while P. viscosa in its 
typical South American range has broad, and often cordate, 
leaf blades, the leaves of the Southeastern United States 
forms are more often oval or even spatulate. 

‘0 Tt should be pointed out that while segregants with 
fusiform, subsessile, bright green, near-glabrous leaves 
were not winter hardy, more viscosa-like plants with the 
non-spotted corolla types, presumed attributable to P. 
elliottt ancestry, were not winter-killed. 
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may account for the ‘“‘block”’ segregation of many 
of the elliottt characters. 

Since two collections of P. viscosa (of the 
three studied in seedling progenies), from stations 
as far apart as Myrtle Beach, South Carolina, 
and Marineland, Florida, gave rise to elliotti 
segregants, it is likely that elliotti genes are 
rather widely distributed in P. viscosa along the 
Atlantic Coast. If, as is postulated above, 
there is selection pressure against elliottt char- 
acters in this range, persistence and spread of 
the heterozygotes must be maintained by a 
continual flow of elliotti genes by continued 
hybridization. 

It has been assumed in the foregoing discus- 
sion that P. elliotti is a stable form in some part 
of its range. It is intermediate in both range 
and morphology between P. angustifolia and 
P. viscosa, occupying a position analogous to 
that of P. comata in relation to P. heterophylla 
and P. hederaefolia. Even in areas where P. 
elliotti appears to be the predominant form, it is 
highly variable, in contrast to P. viscosa and 
P. angustifolia under similar circumstances, and 
forms closely resembling these latter species 
occur sporadically. Furthermore, each variable 
character (e.g. leaf shape, pubescence, corolla 
markings) varies toward that found in P. viscosa 
and P. angustifolia. It may well be that P. 
elliotti itself is the equivalent of a hybrid between 
P. viscosa and P. angustifolia. The viscosa 
variants would then represent backcross prog- 
enies of the hybrid to P. viscosa. P. viscosa 
type II of the Everglades would represent a 
backcross type which had become stabilized for 
the hybrid leaf shape, but resembles the recur- 
ring viscosa parent in most other characters. If 
this interpretation of P. elliotti proves to be 
correct, it is noteworthy that most of the inter- 
grades examined by the author are intermediate 
between P. elliotti and P. viscosa, or represent 
the putative effects of backcrossing on P. viscosa. 
However, in some localities along the southern 
Gulf Coast of the Florida Peninsula, populations 
occur which intergrade between elliotti and 
angustifolia, or might be considered to represent 
the backcross to the angustifolia parent. 


Relations of Viscosae with Heterophyllae 
and Lanceolatae 


Not only are taxonomic boundaries within the 
Viscosae rendered obscure by what appears to 
be widespread interbreeding, but evidence from 
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segregation of characters in the Alabama lines 
455a and 422a suggests that even wider inter- 
breeding may not be prevented by sterility 
barriers. The behavior of these progenies 
strongly suggests that they are hybrid segregants 
from a cross between P. viscosa and one of the 
Heterophyllae, presumably some form of P. 
heterophylla. Critical evidence would lie in 
the experimental production of similar progenies 
from crosses between the putative parent species, 
and this evidence is not yet at hand. 

However, in 1948 a number of crosses were 
made involving species of the Heterophyllae and 
Viscosae, and the segregating lines from Ala- 
bama, in addition to the earlier crosses of 
Viscosae with the original 455a clone, reported 
above. These 1948 crosses are included in table 
3. No. 422a yielded plump seed when pollinated 
with P. heterophylla and P. nyctaginea 529a 
pollen. No. 455a gave several classes of seed 
set from five crosses with P. nyctaginea, in- 
cluding one fruit with plump seeds. 

Crosses between Viscosae and Heterophyllae 
(50 in number, 10 combinations) did not give 
Class I seed. However, P. heterophylla X 
viscosa, P. viscosa X heterophylla, P. mollis X 
heterophylla, and P. mollis 111 X_ heterophylla 
did yield almost mature (Class Il) seed. Al- 
though further evaluation awaits an opportunity 
for growing F, progenies, it appears that fertiliza- 
tion at least is possible between some members 
of the two sections. 

Herbarium studies of P. fendleri and P. 
hederaefolia suggest that a similar relation may 
exist between the western Viscosae and Hetero- 
phyllae. It may be suggested also that the 
Viscosae and Lanceolatae are connected through 
P. pumila, a species morphologically very close 
to P. lanceolata except for the presence of 
branched hairs, and occupying a range more or 
less intermediate between those of P. mollis and 
P. lanceolata." 


CARPENTERIANAE: P. CARPENTERI RIDDELL 


Originally Rydberg placed this species in the 
heterogeneous Leptophyllae, a section which he 
later abandoned. In the Manual of the South- 
eastern Flora, he awards it a separate section, 
Carpenterianae, between the Angulatae and the 


1 Unpublished data of the author from field studies in 
Brazos County, Texas, suggest that a part of the variation 
in P. mollis in central Texas may be due to introgression 


of characters from the rather rare P. macrophysa (Lan- 
ceolatae). 
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Fic. 45. Two year old plant of P. carpenteri showing 
y p § 


perennial rootstock. 


perennial Lanceolatae. The species is described 
as a finely puberulent annual of coarse, erect, 
branched habit, with large thin ovate or oval 
acuminate, subentire leaves, short peduncles, 
small (1 cm. or less) fruiting calyces, the open 
campanulate flowers, about 1 cm. in diameter 
with brown spots in the throat, often in fascicles 
of 2—4 (fig. 46). It occurs rather infrequently 
in Florida, Alabama, and Louisiana. 

This species was represented in the herbarium 
material studied by only six specimens. Two 
of these (New York Botanic Garden, S. B. 
Buckley No. 1, Dr. Ingalls 1835), cited by 
Rydberg in the monograph, agreed well with the 
one collection of living material studied (508a, 
Columbia Co., Florida). 


Karyology 


The chromosomes (2n = 24, fig. 14) were of the 
size range of the perennial species (about 290 





Fic. 46. 


Flowering branch of P. carpenteri showing 
fasciculate arrangement of flowers. 
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units of total length). The complement is 
composed entirely of chromosomes with median 
or submedian centromeres, the S/T ratio falling 
around .44. The short, subterminally con- 
stricted chromosomes present in most species are 
apparently absent, although the shortest pair 
has a short/long arm ratio of about .50. No 
satellites or secondary constrictions have been 
noted. 
Seedling Populations 


Ten plants of 508a were grown outside in the 
summer of 1947. They grew vigorously, and 
bloomed and set fruit freely. In removing 
plants for herbarium specimens in August, it 
was noted that they had long thick vertical 
rootstocks rather than the shallow fibrous roots 
characteristic of annual species. 

Seven of these plants were left in the row 
during the winter of 1947-48. In the latter part 
of April, 1948, four put out a crown of new 
leaves. These plants were dug up and moved to 
a new location, where they again grew vigorously, 
flowered, and set fruit. One of these two year 
old plants is pictured in figure 45. 

Two specimens in the University of Florida 
Herbarium (E. West 6-16-1947, E. West and L. 
Arnold 2 Oct., 1946) also appear to be perennials. 
No roots were attached to the other specimens 
seen. 

Attempts have been made to cross P. car- 
pentert with several other species, both annual 
and perennial (table 3). These were uniformly 
unsuccessful. 

Discussion 


P. carpenteri has apparently been misdescribed 
and belongs among the perennial species, which 
it also resembles more closely in chromosome 
morphology. It does not appear, however, to 
be closely related to any other species of the 
United States range. The truly fasciculate 
flowers (fig. 46), short peduncles, small, non- 
angled fruiting calyces, and small, thin walled, 
rather dry berry are apparently unique in this 
range and uncommon in the genus. Fasciculate 
flowers are mainly confined to the aberrant 
group of Mexican species (see footnote 2), and 
to P. grandiflora, another peculiar species of 
uncertain affinities. The peculiar morphology 
of P. carpenteri, its limited, sparse and isolated 
distribution, and relatively undifferentiated 


chromosome complement, all combine to suggest 
that it is an archaic species, persisting in rem- 
nants of a once more extensive range which has 
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been pre-empted by newer forms. Certainly its 
features cannot be explained in terms of any 
other species groups now occurring within many 
miles of its present distribution. 


OTHER SPECIES 


P. crassifolia Benth., Section Crassifoliae 
Rydb.—This species is a fleshy-leaved perennial 
of dry or desert regions from Utah and south- 
eastern Nevada to Arizona, California, and 
Baja California. It was represented in the 
living material studied by three collections, 525a 
(collected by P. A. Munz at Twenty-Nine 
Palms, California), 551a (Gould and Darrow 
4322, Mohave Co., Arizona), and 555a (Gould 
and Macbride 4128, Pima Co., Arizona). 
This species proved difficult to raise from 
seed either in greenhouse or plot culture at 
the Blandy Experimental Farm, and none of the 
plants set seed, although a few bloomed. Voucher 
specimens of the Arizona collections were sup- 
plied by F. W. Gould, and 525a plants corres- 
ponded to the other two numbers. 

All of the collections showed 2n=24. Only 
one analyzable plate was found, in a PDB- 
treated seedling leaf smear of 55la (fig. 26). 
The chromosomes are rather small (total length 
for this plate, 204 units) and showed only two 
medianly constricted pairs (the longest). The 
rest of the complement was composed of chromo- 
somes with more or less subterminal centromeres. 
The S/T ratio (.28 for this plate) was the lowest 
found in the perennial species (table 2), and the 
complement approached the range of the annual 
Pubescentes in both size and morphology. No 
satellites or secondary constrictions were seen. 

P. alkekengi (Subgenus Megista (Tourn.) 
Rydb.).—Physalis alkekengi L. is native to the 
Old World, probably to China, whence it appears 
to have been introduced into Europe during 
the sixteenth century. The species appears in 
horticultural literature also under the names 
P. Franchettt Mast. and P. bunyardi Hort. 
(=P. Franchettt v. bunyardi Makino, Index 
Kewensis Suppl. VIII). 

A 2n number of 24, reported for it by Yama- 
moto and Sakai (Darlington and Janaki Ammal, 
1945) was confirmed in several lines from horti- 
cultural sources. The complement consists of 
medium-sized chromosomes (total length about 
260 units) with median to submedian centro- 
meres (S/T about .40). One of the two longest 
pairs bears a large satellite (fig. 27) on the shorter 
arm. 
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DISCUSSION 


The species studied in living material, as 
pointed out above, can be considered an adequate 
sampling of the genus only in its North American 
range, and perhaps only in the eastern half of 
the United States. For this reason, any con- 
clusions drawn here concerning the genus as a 
whole must be taken as subject to revision when 
species of other ranges have been studied, the 
more so as the present center of distribution for 
the major portion of the genus probably lies in 
Mexico. It is apparently there that the genus 
shows its greatest number and morphological 
diversity of species, and many of these remain 
little known or undescribed. Such New World 
species as have been studied from outside the 
United States range have been morphologically 
of the usual Euphysalis type, closely related to 
those of this range, and not representative of 
extremes of variation in the genus. The very 
similarity of these species to North American 
forms, however, suggests that conclusions based 
principally on the United States species are 
applicable to species of Euphysalis, at least, 
throughout its range. 


SPECIATION 


A basic number of 12 is found throughout the 
Solanae, including Physalis, with only one known 
exception (Quincula lobata, n=11, Menzel, 1950). 
Speciation has not proceeded from, nor been 
accompanied by, aneuploid change in Physalts. 
Nor has polyploidy apparently played more than 
a minor role; no instance of the existence of 
euploid races within a species is established, and 
only three tetraploid species (P. angulata, P. 
peruviana, P. minima) are exceptions to the 
general 2n =24 of species studied. There is at 
present no evidence as to whether autopolyploidy 
or amphipolyploidy (or both) accounts for these 
species, but neither mechanism seems to be of 
major importance in the genus. 

It appears that evolutionary divergence and 
establishment of isolating mechanisms have been 
due principally to genetic factors. MacArthur 
and Chiasson (1947) have inferred a similar 
process in Lycopersicon. East (1935), in a dis- 
cussion based on sixty hybrids between species 
of Nicotiana, concludes that species differentia- 
tion has occurred in that genus primarily by 
accumulation of genes affecting growth patterns. 
In both Lycopersicon and Nicotiana, such char- 
acters as leaf and flower size, which 


upon 
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species are distinguished, usually show an inter- 
mediate condition in interspecific hybrids, as 
in Physalis, and segregation in subsequent 
generations indicates that these characters are 
multifactorial. A large number of other genera 
in which species hybrids have been studied show 
similar relations (e.g. Gossypium, Silow, 1939). 

Vavilov (1922) has pointed out the similarity 
of hereditary variations in the genera Capsicum 
and Solanum, and suggests that homologous 
series are common in the Solanaceae as a whole. 
Certainly, variations between different sections 
of Physalis appear to parallel one another, and 
comparison of species in Physalis with those of 
Lycopersicon, Solanum, Saracha, etc., suggests 
that the range and type of variation is parallel 
in many instances, both in “pattern” characters 
(such as leaf outline, type and amount of 
pubescence) and in qualitative characters, such 
as anthocyanin pigmentation in vegetative 
organs, and fruit color. It will be recalled that 
in three species hybrids involving pairs of 
parents, one of which was heavily pigmented and 
the other slightly or not at all so, the hybrids 
were all heavily pigmented. Dominance of 
anthocyanin pigmentation in vegetative parts 
has been reported in Solanum tuberosum (Sirks, 
1929), Capscium (Deshpande, 1932) and several 
other genera of the Solanae. 

However, two of these crosses also involved 
one species with green-purple, and one with 
yellow fruits, and the fruits of the hybrid were 
green-and-purple in both cases. The color of 
P. alkekengi fruits and calyces has been shown 
(Kuhn and Wiegand, 1929) to be due to a 
carotenoid, physalien, and it is assumed that 
the yellow-orange series in fruits of other Physalis 
species is also due to carotenoids. A similar 
contrast is also seen in Lycopersicon, species of 
Eulycopsersicon having carotenoid pigments 
(carotene and lycopene) and those of Erioper- 
sicon, chlorophyll and anthocyanins in the 
fruits. But in crosses between the two sub- 
genera, MacArthur and Chiasson (1947) report 
that the fruits of the hybrid are orange or yellow. 
The homology of similar variations cannot, 
therefore, be taken too literally. 


KARYOLOGICAL TRENDS 


Idiograms of the 2 complements of representa- 
tive species of each of the nine sections of 
Physalis studied are shown in figures 47-55. 
Divergence in both size and asymmetry of com- 
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plements has accompanied evolution in Physalts 
to some extent. As in Crepis (Babcock, 1947), 
morphologically similar species have similar 
chromosomes, and, in general, details of chromo- 
some morphology, when considered in connection 
with other criteria, are an index to relationships 
(e.g., the cases of P. lagascae, P. ignota, and 
Physalis sp. 493b). According to Babcock, 
Stebbins, and Jenkins (1937), the hypothesis of 
Delauney, that reduction in absolute size of the 
chromosomes often accompanies evolutionary 
advancement, and of Levitsky, that primitive 
species have more chromosomes with median 
constrictions, and that, along with advancing 
evolution, subterminal centromeres are devel- 
oped, are supported by the evidence from Crepis 
and other genera of the Crepidinae. If annuals 
have evolved from perennials in Physalis (cf. 
Hutchinson, 1926:6), it can be said that reduc- 
tion in chromosome size has accompanied devel- 
opment of annual habit here. P. txocarpa (fig. 
49), with larger chromosomes than the Angulatae 
and Pubescentes (figs. 47 and 48), serves to 
emphasize the rule: this species, although annual, 
also has the larger flower parts of the perennial 
groups. The karyotype of P. ixocarpa is more 
similar to that of the Angulatae than to that of 
the Pubescentes, differing from it principally in 
size. That it is more closely related to the 
Angulatae is supported by morphological data, 
and by the crossing experiments involving 
Physalis 493b. Increased asymmetry of chromo- 


Annuals. 
Total complement length 200 units or less. 
S/T ratio about .30 or less. 
S/T ratio about .34-.38. 
Total complement 250 units long or over. 
Perennials. 
Complement under 225 units long. 
S/T ratio .30 or less. 
S/T ratio .35 or over. 
Complement over 250 units long. 
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A rough gradient exists, in these three annual 
sections, toward precocity of blooming, reduced 
plant size, increasing tendency toward low or 
prostrate habit, and reduced size of flower parts, 
and this gradient is in general paralleled by, 
first, reduction in chromosome size, and, as the 
extremes of ‘‘advancement” are approached, by 
increased asymmetry. 

Physalis crassifolia, among the perennials, 
shows both size reduction and asymmetry com- 
parable with the Pubescentes (fig. 52). While 
P. crassifolia shows no reduction of flower parts 
or other morphological trends toward the annual 
groups, it may perhaps be regarded as specialized 
in another direction, namely, adaptation to a 
desert habitat. 

P. nyctaginea (529a) in the Heterophyllae, 
however, has apparently developed reduced 
chromosome size independently of any apparent 
specialization or ‘‘advancement,”’ as compared to 
the rest of the section. 

The trend accompanying evolutionary advance 
in Crepis (Babcock, 1947) toward increased dif- 
ferentiation in length between chromosomes of a 
complement, is not evident in Physalis. The 
range of variation in this respect was about the 
same for all sections in which several species 
were compared. 

A key to the karyology of the nine sections of 
Physalis included in this study may be set up, 
utilizing the one morphological character, peren- 
nial versus annual root: 


Pubescentes (fig. 47) 
Angulatae (fig. 48) 
Philadelphicae (fig. 49) 


Crassifoliae (fig. 53) 
P. nyctaginea (Heterophyllae) 


Complement composed entirely of chromosomes with short/long 


arm ratio of .50 or above. 


Carpenterianae (fig. 55) 


Complement with at least two pairs having a short/long arm 


ratio of less than .50. 


The longest, medianly constricted pair with a conspicuous 


satellite on one arm. 


The longest pair bearing no such satellite. 


some arms is also partially correlated with 
annual habit. 
Pubescentes, slight in the Angulatae. Physalis 
ixocar pa is similar to the perennials in S/T ratio. 


It is most fully developed in the 


P. alkekengi (fig. 54) 
Viscosae, Heterophyllae, 
Lanceolatae (figs. 50-52) 


If the criteria of karyological specialization 
mentioned above are applied to the perennial 
groups, they fall, in order of increasing special- 
ization, in the following order: Carpenterianae 
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(P. carpentert), Megista (P. alkekengi) 
latae-Heterophyllae-Viscosae, 
crassifolia). 

It will be noted from the key that no satis- 
factory karyological criterion has been found 
for separating the Lanceolatae, Heterophyllae, 
and Viscosae from each other. There are slight 
differences in total length and S/T ratio between 
different species in these sections, but none of 
these differences is characteristic of one section. 
The chromosomes of the Lanceolatae are perhaps 
alittle larger than those of the other two sections, 
but not even a size difference separates Viscosae 
from Heterophyllae. 

The lack of karyological differentiation be- 
tween these three sections is in line with evidence 
from geographic distribution, variation in seed- 
ling populations, intergradation of species 


, Lanceo- 
Crassifoliae (P. 


as 
represented in herbarium material, and the 
results of experimental species crosses. It 


appears, not only that taxonomic species within 
these sections are much less effectively separated 
Irom one another than are the species of the 
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annual sections, but also that the sections them- 
selves are closely related and capable of gene 
exchange to some extent. To accord each of 
these groups sectional rank gives an erroneous 
view of their nature, in comparison with the 
annual sections. If they are regarded as com- 
posing one section, they form a natural group 
of perennials characterized by 10-angled fruiting 
calyces with connivent lobes, and open-campan- 
ulate to rotate, yellow corollas, usually with 
blackish-purple or brownish marking in the 
throat, large anthers (5 mm. long or longer) 
borne on fleshy filaments somewhat expanded 
at the top. Rydberg’s name Heterophyllae 
may well be retained for the section, since 
differences in leaf characters are the chief dis- 
tinguishing characters among the species, and 
since the section, so defined, well nigh runs the 
gamut of leaf-outlines found in the genus, from 
linear to reniform. 

Such a grouping is not only taxonomically 
sound, but its limits probably coincide with the 
limits of a natural biological unit, a coenospecies 
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(Clausen, Keck, and Hiesey, 1940), the ecospecies 
of which are capable of exhanging genes to a 
limited extent with each other, and consist in 
turn of ecotypes in varying numbers, between 
which a higher rate of gene flow can and prob- 
ably does occur. 


PHYLETIC RELATIONS 


The evolutionary history of Physalis cannot, 
of course, be reconstructed until more is known 
of other morphological types not represented in 
this study, and especially those of Mexico. 
However, some of the evidence now at hand 
deserves consideration. 

First, the anomalous species showing two or 
more of the characteristics, large and relatively 
symmetrical chromosome complement, fascicu- 
late flowers, woody stems, large, white, deeply 
lobed flowers, dry and thin-walled berry, and 
open, deeply lobed, scarcely ribbed or angled 
and scarcely inflated calyx, have certain other 
features in common. (a) They appear to be 
more closely related to each other than to other 
Physalis types. (b) They appear to be more 
closely related to certain other genera of the 
Solanae than do other Physalis groups. (c) 
As a group, they show a very discontinuous 
range outside of southern Mexico and Central 
America (P. carpenteri in Florida, P. grandiflora 
along the northern border of the United States 
range, P. alkekengi in Asia). 

Grounds for supposing P. carpenteri to repre- 
sent a primitive Physalis type have already 
been mentioned. The same reasoning may be 
applied to the Old World P. alkekengi, the 
distinct flower morphology (large white, deeply 
lobed corolla) and peculiar Old World distribu- 
tion of which lend support to the view that it, 
too, may be a relic representative of a more 
primitive stock. The similarity of the flower of 
P. alkekengi to that of Saracha viscosa, and 
presence in S. procumbens of a long, medianly 
or submedianly constricted, satellited chromo- 
some similar to the one which distinguishes P. 
alkekengi from all other Physalis species studied, 
suggest that this species may have arisen from a 
stock ancestral to Saracha as well as to Physalis 
(Menzel, 1950). It is also noteworthy that P. 
carpenterit also shares with the two species of 
Saracha studied, fasciculate flowers and chromo- 
some complement composed entirely of chromo- 
somes with median or submedian centromeres. 
Nothing is known at present of the karyology of 
Physalis grandiflora, but its morphological 
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peculiarities (which Rydberg thought sufficient 
to make it the type of a new genus, Lenco. 
physalis) and present distribution suggest that 
it, too, belongs to this primitive Physalis- 
Saracha stock. That P. grandiflora is a link 
between Physalis and Chamaesaracha, mor- 
phologically, has already been suggested by 
Rydberg (1896). Chamaesaracha is a_ small 
genus of the western United States and Mexico 
(5 species), with a single large-fruited species, 
which approaches P. grandiflora most closely, 
in Japan and China(?). 

It is suggested that these anomalous species 
are all remnants of a very old Physalis stock 
which retained many of the characteristics of 
the parental Solanae stock that gave rise to 
Saracha, Chamaesaracha, Quincula, and perhaps 
certain other genera (Withania and Athaenea?) 
as well as to Physalis. 

The annual groups and the American peren- 
nials with connivent calyx lobes, on the other 
hand, may be regarded as more modern types, 
more clearly distinct from other Solanae types. 

The Angulatae and Pubescentes appear to 
represent more advanced groups, on both mor- 
phological and cytological criteria, than the 
Heterophyllae (as defined above). At the same 
time, several factors suggest that they may also 
be regarded as chronologically older types. 
First, the Pubescentes-Angulatae are represented 
by a few species in the Old World, while the 
Heterophyllae are apparently strictly a New 
World group. Second, the two annual sections 
are composed of comparatively stable, rather 
non-variable species, so far as present evidence 
goes, well-isolated from one another by internal 
barriers to hybridization, with some of the 
species at least (e.g. P. pubescens and P. angulata) 
showing discontinuous ranges. The Hetero- 
phyllae, on the other hand, have, as a group, a 
continuous range, and contain a relatively 
high percentage of polytypic and polymorphic 
species, a number of which can and probably do 
hybridize with each other naturally. It can be 
said that the Heterophyllae, if not actively 
undergoing speciation and continued evolution 
at the present, at least appear capable of doing 
so. 


Good (1947:47) has summarized the normal 
history of a species or genus in four successive 
stages: 


(1) Juvenile stage; the group is establishing 
itself and spreading. 
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(2) Mature stage; it exhibits phyletic activity, 
maintaining its maximum range, within or assoc- 
iated with which there will appear the incipient 
ranges of closely related younger forms. 

(3) Senile stage; it no longer gives rise to new 
forms and begins to give place to newer types, 
so that its range begins to contract and become 
disjunctive. 

(4) Final stage; the range contracts, often 
becoming markedly discontinuous, until the 
vanishing point is reached. 


If these generalizations are applied to the 
three groups of Physalis under discussion, the 
“primitive” group (three species of which 
Rydberg has considered to belong to two dif- 
ferent subgenera of Physalis and one monotypic 
genus), it may be postulated, is in the fourth, 
final stage. Its present representatives not only 
occupy widely scattered and isolated geograph- 
ical ranges, but they appear more distantly 
related than they are, perhaps, because the 
morphological as well as the geographical ranges 
that once connected them have disappeared. 

The Angulatae and Pubescentes can probably 
be considered to be in the third, or senile stage. 
They have apparently diverged from one stock, 
and are still connected by intermediate species. 
Whether they appear to diverge because evolu- 
tion has taken place in two directions, or because 
the connecting forms have disappeared, or 
because the connecting forms are not yet known, 
remains to be determined. Evidence that this 
stock may be ancestral to the small Mexican 
genus .Wargaranthus is discussed in a previous 
paper (Menzel, 1950). 

The Heterophyllae, in turn, appear to be in 
the second, or mature, stage. 

Physalix ixocarpa (Philadelphicae) probably is 
comparable to the Heterophyllae in respect to 
its stage of evolution. _ Too little is known of the 
perennials with open fruiting calyces, to which 
P. crassifolia belongs, to permit speculation as to 
their position. 

Testing of these hypotheses awaits study of a 
more adequate sampling of the whole genus 
throughout its geographical and morphological 
range, as well as similar investigation of related 
genera. There is some suggestion that not only 
the sections of Physalis, but perhaps several 
other genera of the Solanae as well, which are 
sufficiently distinct in North America, may 
converge indistinguishably in southern Mexico 
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and Guatemala (A. T. Hunziker, private com- 
munication). 


SUMMARY 


Chromosome counts for 25 species and several 
doubtful forms of Physalis are reported, bringing 
the number of species for which chromosome 
numbers are known to about 30. All but 3 
of these have 2n=24. The 3 exceptions are 
tetraploid species. Previous counts of 27=48 
are confirmed for P. angulata and P. peruviana. 
Polyploidy has not played a major role in specia- 
tion in the North American range, and probably 
not in Euphysalis in general. 

A rough comparison of chromosome mor- 
phology, based on size and degree of asymmetry 
of the complement, between species, and between 
Rydberg’s sections of the genus, indicates that 
karyology is of slight taxonomic value in dis- 
tinguishing closely related species. 

Significant differences in chromosome mor- 
phology do exist, however, between certain 
groups of species. In general, annual habit and 
reduced size of flower parts are accompanied by 
reduction in chromosome size. Decrease in 
plant size and increased precocity (Pubescentes) 
among the annuals are accompanied by increased 
asymmetry of the chromosome arms. 

Annual P. txocarpa, which has the larger and 
more asymmetrical chromosomes characteristic 
of the perennials, also resembles them in size of 
flower parts. Conversely, the chromosomes of 
a few perennials show reduced size and increased 
asymmetry. Of these, P. crassifolia (showing 
both trends) is specialized to a desert habitat, 
while P. nyctaginea (reduced size only) is not 
obviously more specialized than its relatives in 
the Heterophyllae. 

Evidence from geographic distribution, nat- 
urally occurring intergradation between species, 
variation in seedling populations grown under 
fairly uniform conditions, and artificial crossing 
behavior, has been assembled in an attempt to 
determine the nature of speciation in Physalis. 

It is concluded that speciation in Physalis 
must be due primarily to accumulation of gene 
changes. 

In the annual 
evidence of 


Pubescentes, there is little 
natural intergradation between 
species, even though these are morphologically 
very similar and occupy overlapping or simul- 
taneous geographic ranges. There is _ little 
variation within or between seedling populations 
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of the same species. Although a number of 
interspecific crosses in this section yielded 
abortive seeds, indicating that cross-pollination 
and -fertilization are possible, only one viable F, 
was obtained, from a cross between P. barba- 
densis and P. turbinata. The hybrid showed 
considerably reduced fertility, although it did 
set germinable seed. It is concluded that 
barriers to hybridization are relatively well 
developed in this section, and that the species 
themselves contain only a small reservoir of 
inherent variability. The Pubescentes are con- 
sidered to be the most advanced group studied, 
morphologically and karyologically. 

The annual Angulatae are similar to the 
Pubescentes in variability and crossing behavior, 
but show slightly more variation between seed- 
ling progenies of the same species. Two inter- 
specific hybrids have been obtained in this 
section. F, hybrids of the diploid species P. 
lanceifolia X P. pendula were vigorous but 
showed reduced ferility. A triploid hybrid 
between an unidentified diploid species (Physalis 
sp. 493b) and tetraploid P. angulata was vigorous 
but entirely sterile. This section is considered 
somewhat less ‘‘advanced”’ than the Pubescentes, 
and species barriers are probably somewhat less 
complete. 

The Mexican species, P. ixocarpa, apparently 
has no close relatives among the United States 
annual species. Although cultivated strains 
show a very high degree of variability, two 
‘“‘wild’’ strains were comparatively uniform. 
From many interspecific pollinations involving 
P. ixocarpa, seeds approaching full development 
were obtained only from P. sp. 493b xX P. 
ixocarpa. P.ixocarpa is considered more closely 
related to the Angulatae than to the Pubescentes, 
and more closely related to the Heterophyllae 
(as defined in this study) than are any of the 
other annual species. It is less “advanced” 
morphologically and karyologically than the 
species of the other annual sections. 

A few crosses between species belonging to 
different annual sections gave results interpreted 
as fertilization followed by very early seed 
abortion. Most of such crosses tried failed to 
set at all. It is concluded that in the annuals 
barriers to species hybridization are well devel- 
oped, and even more marked between different 
sections. 

In the perennial sections Lanceolatae, Hetero- 
phyllae and Viscosae (Rydberg), on the other 
hand, all lines of evidence indicate that tax- 
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onomic species are connected by intergrades 
derived from hybridization. It may be proper 
to regard each of these sections as a single 
large ecospecies composed of a number of 
ecotypes. The degree of actual isolation js 
variable between different pairs of taxonomic 
species. Evidence is presented that certain 
forms of the Viscosae and Heterophyllae are able 
to exchange genes more or less freely under 
natural as well as experimental conditions, 
while morphologically all three sections are 
connected with each other by constant or 
segregating forms(‘‘species’’ and ‘‘intergrades”’), 
It is suggested that these three sections may be 
considered as members of one coenospecies, 
and that they are best considered as a single 
taxonomic section, retaining Rydberg’s name, 
Heterophyllae. 

The aberrant species, P. carpenteri, appears to 
be a perennial rather than an annual species. 
It shows comparatively ‘‘primitive’’ karyological 
and morphological features, probably coupled 
with a very restricted range. It is suggested 
that P. carpenteri is a relic representative, in its 
present range, of an earlier and once widespread 
group of Physalis species which has subsequently 
been replaced by more ‘recent’ types. This 
‘primitive’ group is also considered to be 
represented by P. grandiflora (northern United 
States) and P. alkekengi in Asia, and to be more 
closely allied to certain other genera in the 
Solanae than are the more ‘‘modern’’ Physalis 
groups. 

It is suggested that the Pubescentes and 
Angulatae, although more specialized or ad- 
vanced than the Heterophyllae, are probably 
older than the latter group. 
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INTRODUCTION 


Roman portrait statues have been studied 
principally from two points of view—their period 
and their identity. With their help, and that of 
the contemporary portrait busts and coin types, 
archaeologists have been able to trace the de- 
velopment of Roman portraiture through several 
centuries, and to obtain a knowledge of the physi- 
ognomies of many famous Roman personages. 
| should like to examine them in still another 
quest. Can they help us to find an answer to the 
important question that has recently come to the 
fore—who were the artists who made the Roman 
portraits—were they Greeks or 
Romans? 

It was once supposed that Roman sculptors 
initiated realistic portraiture, and the realistic 
Roman products were contrasted with the ideal- 
istic renderings of the Greeks. Of late, however, 
we have come to understand that realistic con- 
ceptions in portraiture were introduced by the 
Greeks of the Hellenistic age, that is, of the third 
and second centuries B.c., and that the portraits 
of the Roman Republic stem directly from these 
late Greek products. 

I should like to go further and claim that these 
same Greek Hellenistic artists, or rather their 
descendants, made the Roman portraits for their 


were they 


new Roman patrons.! This is a large subject 
and I have elsewhere tried to present the exceed- 
ingly complex and varied evidence as a whole? 
Here I shall confine myself, therefore, to a single 
aspect of the question—the specific information 
yielded by the Roman portrait statues, leaving 
out of consideration the more numerous busts 
and reliefs. 

First, let me recall the various types. The 
men either wear civilian dress—the Roman toga, 
or the Greek himation or chlamys; or they ap- 
pear in military attire, with a cuirass over a short 
tunic; or they are in heroic nudity, in the guise of 
Achilles, as Pliny (XXXIV, 18) puts it. They 
are represented mostly standing, sometimes 
seated, occasionally on horseback. The major- 
ity of the women are shown wearing a tunic and 
a mantle, generally standing, occasionally seated, 
sometimes reclining; rarely they too are nude, 
conceived as Aphrodite. 

What information, then, can we extract from 
these male and female portrait statues that can 
help us to determine who made them? 


I. EVIDENCE FROM SIGNATURES 


First, there are the signatures. Though it was 
no longer customary in the Roman period, in 
Italy, at least, for a sculptor to sign his work, 
there are nevertheless a goodly number known 
when one begins to collect them. They are gen- 
erally inscribed not on the base of the statue 

' For an at least limited acceptance of this view by recent 
writers, cf. e.g. Toynbee, The Hadrianic School, 1934; 
Buschor, E., Die Plastik der Griechen, 3d ed., 113, Berlin, 
Rembrandt, 1936, and Das Hellenistische Bildnis, Munich, 
Biederstein, 1949; Bliimel, C., Rémische Skulpturen, 
Berlin, Gebr. Mann, 1946; Lippold, G., Deutsche Literatur- 
seitung, 70: cols. 217, 218, 1949. 

2 In my forthcoming book, Three critical periods in Greek 
sculpture (my Dumbarton Oaks Lectures of 1949, to be 
published by the Clarendon Press). The invitation of 
the American Philosophical Society to read a paper at its 
Annual Meeting and to present it for publication in its 
Proceedings gave me a welcome opportunity to treat the 
evidence from the specific scource of Roman portrait 
statues more fully and with more illustrations. 
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alongside the name of the dedicator, as in the 
Greek periods, but in inconspicuous places on the 
sculptures themselves.* We may mention the 
following examples: 

The so-called Germanicus, formerly in the 
Villa Montalto, now in the Louvre (fig. 10), is 
signed on the turtle, near the left foot, by Kleo- 
menes, son of Kleomenes, of Athens. A seated 
portrait statue, found in Rome, now in the 
National Museum of the Terme (fig. 1), is signed 
on a fold of the mantle by Zenon, son of Attinas, 
of Aphrodisias (a city in Caria, Asia Minor).* 
A portrait statue (with alien head) found at 
Monte Porzio, near Tusculum, now in the Louvre 
(fig. 3), is signed on the back of the support by 
Ophelion, son of Aristonidas.6 Another portrait 
statue in the Louvre (fig. 4), also with alien head, 
is inscribed ‘‘Hera[klei }des, son of Aga[us ], of 
Ephesos, and Har[ma]tios made it.”7 A 
portrait of the emperor Claudius (fig. 2), found 
at Olympia and now in the Museum there, is 
signed on the tree trunk behind the eagle by 
Philathenaios and Hegias, of Athens.’ A _ por- 
trait of the younger Agrippina (fig. 5), also from 
Olympia, is signed on the right edge of the plinth 
by Dionysios, the son of Apollonios.’ A statue 
from Lyttos, Crete, is signed on the plinth, near 
the left foot, by Zenon, son of Alexandros, of 


3 For a discussion of the probable reason for this practice 
cf. my Three critical periods. The old reason given that the 
statues were exported from Greece and Asia Minor to Italy 
without their bases no longer holds, for a number of statues 
signed by Athenians and Aphrodisians are in Italian marble 
and so must have been made in Italy. On the importation 
of Greek marble to be worked in Italy cf. Vessberg, O., 
Studien sur Kunstgeschichte der rémischen Republik, 114, 
Lund, C. W. K. Gleerup, & Leipzig, O. Harrassowitz, 1941. 

4Loewy, E., Inschriften griechischer Bildhauer, no. 344, 
Leipzig, B. G. Teubner, 1885; Charbonneaux, J., L’Art au 
siécle d’ Auguste, 50-51, pl. 59, Paris, La Guilde du Livre, 
1948, 

5 Loewy, op. cit., no. 365; Helbig, W., Fiihrer durch die 
ffentlichen Sammlungen klassischer Altertiimer in Rom, 
third edition, no. 365, Leipzig, B. G. Teubner, 1913; 
Squarciapino, M., La Scuola di Afrodisia, Studi e Materiali 
del Museo dell’ Impero di Roma, 27, Rome, Governatorato 
di Roma, 1943. 

5 Loewy, op. cit., no. 432; West, R., Rémische Portrat- 
Plastik, 1: 91, pl. XXII, no. 87, Munich, F. Bruckmann 
A. G., 1933. 

7™MA 883. Much restored. Loewy, op. cit., no. 293; 
Reinach, S., Répertoire de la statuaire grecque et romaine, 1: 
159, no. 1459, Paris, E. Leroux, 1897. 

8 Treu, G., Olympia III, Die Bildwerke in Stein und Thon, 
241-242, pl. LX, 1, Berlin, A. Asher & Co., 1894. 

® Treu, op. cit., 256, pl. LXIII, 2; Loewy, op. cit., no. 331. 
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Aphrodisias.'"°. A statue in a Roman cuirass 
(fig. 6), recently found at Butrinto in Albania, is 
signed on the support by Sosikles, the son of 
Sosikles, of Athens.!! The support of a portrait 
statue in the forin of a cuirass, in Modena, Italy 
(fig. 7), is signed by Xenon, son of Xenon, and 
Sogenes, son of Sokrates, of Paros." <A headless 
statue from Delos (fig. 8), now in the National 
Museum, Athens, designated as the Roman offi- 
cial Gaius Ofellius in the inscription on the base, 
is signed on the same base by Dionysios, son of 
Timarchides, and Timarchides, son of Polykles, 
both of Athens." 

Several inscriptions from bases of lost Roman 
portrait statues found in Greece and Asia Minor 
supply us with further names of Greek portrait- 
ists of the Roman period." All these signatures 
from Greece and from Italy are by Greeks, writ- 
ten in Greek, with the verb ézoile. or €érolnce 
‘“‘made it.’’ Not a single one is by a Roman. 

But you may say that since the great majority 
of the Roman portrait statues are not signed, it 
may be just chance that no signature by a Roman 
has survived. We must, therefore, look at other 
evidence for the support of our claim. 


Il. EVIDENCE FROM ANCIENT WRITERS 


The Roman and Greek writers of the Roman 
period give no specific information on the sub- 
ject, but they sometimes incidentally supply im- 
portant evidence. We are all 


with 
Virgil’s famous lines: 


familiar 


Others, I doubt not, shall beat out the breathing 
bronze with softer lines, shall from marble draw 
forth lifelike features (vivos ducent de marmore 
vultus) . . . remember thou, O Roman, to rule the 


1 Loewy, op. cit., no. 366; Taramelli, Ricerche arche- 
ologiche cretesi, Monumenti antichi dei Lincei, 9 
391-396, figure 40, 1899; Squarciapino, op. cit., 27 

1 Ugolini, L. M., Il teatro di Butrinto, Rendiconti della 
Pontificia Accademia Romana di Archeologia, 11: 89-90, 
figure 15 (on p. 92), 1935. 

12 Malmusi, C., Museo lapidario modenese, 57, no. XLII, 
Modena, 1830; Loewy, op. cit., no. 514; Lippold, G., 
Pauly-Wissowa, Real-Encyclopidie, 3A: col. 794, 1929; 
Rubensohn, O., Parische Kiinstler, Jahrbuch, 50: 54-55, 
figure 5. 1935. 

13 Loewy, op. cit., no. 242; Homolle, Th., Statue de Caius 
Ofellius, Bulletin de correspondance hellénique, 5: 390-391, 
pl. XII, 1881; Michalowski, C., Les Portraits héllenistiques 
et romains, in Exploration archéologique de Délos, 13: 21, 
figure 13, Paris, E. de Boscard, 1932. 

14 Cf., e.g., Loewy, op. cit., nos. 283, 287, 313, 317, 318, 
320, 356, 357. 

16 Aeneid, VI, 847 ff. 


: cols. 
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nations with thy sway; these shall be thy arts—to 
crown Peace with Law, to spare the humbled and to 
tame in war the proud. 


One may even ask whether when Virgil speaks of 
vivos vultus, ‘‘lifelike features’’ he had in mind 
not only the lifelike faces of the copies of Greek 
statues made in Roman times, but also the 
realistic portraits of his own contemporaries. 

Pliny, in his account of Greek sculptors in his 
Natural History, almost exclusively treats of the 
products of the classic age of Greece and rarely 
mentions the sculptors of his own time; but when 
he does, the names are all Greek, with the single 
exception, I believe, of Coponius, who is listed as 
having made the statues of the Fourteen Nations 
in the Theater of Pompey.'® This Coponius, 
however, may of course also have been a Greek 
and have assumed a Latin name, like so many 
Greek freedmen, like Cornelius, for instance, 
whose signature appears on a base in Olympia: 
Kornelios, Aphrodisieus epoiei, “Cornelius, of 
Aphrodisias, made it,’’'7 and the painter (Ly- 
kon?) born in Asia who received the citizenship 
of Ardea in Italy and was thereupon named 
Plautius Marcus.'$ 

We furthermore learn from Roman writers 
that Greek artists were invited to come to Italy 
both in the second and in the first century B.c.!° 
These Greeks, however, you may say, made only 
the copies of Greek statues that were so much in 
demand at the time, not necessarily the portraits. 

Since inscriptions and literary sources, there- 
fore, give favorable but not conclusive evidence 
for our thesis, let us turn to the portrait statues 
themselves and see what they can teach us. 


III. EVIDENCE FROM THE PORTRAIT 
STATUES THEMSELVES 


(a) REPRODUCTION OF GREEK TYPES 


It is a well known fact that many of the Roman 
portrait statues reproduce Greek types of figures; 
that is, though the heads are portraits of Roman 
individuals, the bodies are copied from idealistic 
Greek creations of the fifth, fourth, third, and 

1® XXXVI, 41 (quoting Varro). 

‘7 Curtius, E., Olympia, 5: Die Inschriften, no. 643, 
Berlin, A. Asher & Co., 1896. 

‘8 Pliny, N. H., XXXV, 115 (I owe this reference to 
M. J. Milne); Ferri, in his Plinio il Vecchio, note on p. 185, 
Rome, Fratelli Palombi, 1946, recalls Novius Plautius of 
the Ficoroni cista. 


19 On this whole subject, cf. Vessberg, O., op. cit., 65-67, 
109. 
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second centuries B.c.*° To explain this strange 
phenomenon we must recall the circumstances 
that produced it. By the conquest of Greece 
and the transference of hundreds and thousands 
of works of art from Greece and Asia Minor to 
Italy, the Romans had gradually become enam- 
ored of Greek art. So, when the conquests had 
been consolidated in the first century B.c. and 
the wholesale looting necessarily ceased, the de- 
mand for Greek works of art persisted. The 
direct result was the introduction of large-scale 
copying. Since an original work by Pheidias or 
Polykleitos or Praxiteles was no longer available, 
a copy had to serve. 

It is of the utmost importance to realize that 
this copying was done mechanically, by the so- 
called pointing process, which is still in use 
today.”! By this method a series of salient points 
are marked on a plaster cast and then mechani- 
cally transferred to a block of stone with the help 
of a pointing machine. Thereupon the points 
are drilled to the required depth and the surplus 
stone is gradually removed, layer after layer, 
until the points are reached. The marble copy 
can be the same size as the plaster cast, or it can 
be proportionately enlarged or reduced. 

We do not know exactly when this epoch- 
making invention was made, but we can place it 
approximately at the end of the second or the 
beginning of the first century B.c. By this 
method, then, hundreds of copies could be made 
of one Greek statue by first taking a plaster cast 
of it, and then making a marble replica from 
this model. That is why, after so much de- 
struction through the centuries, a number of re- 
productions of the same Greek statue have oc- 
casionally survived to our day. 

We may recall in this connection Lucian’s” 
remarks in his skit on the Greek gods written in 
the second century A.D. It is in the form of a 
dialogue. Zeus in Olympos is telling the other 
gods of the neglect of religion on earth. A 
bronze statue of Hermes arrives from Athens. 


20 Cf., e.g., the many instances cited by Lippold, G., 
Kopien und Umbildungen griechischer Statuen, 178-224, 
Munich, Oskar Beck, 1923. An excellent survey is given 
by Bieber, M., Entwicklungsgeschichte der griechischen 
Tracht, 52-53, Berlin, Gebr. Mann, 1934. She is preparing 
an extensive work on this subject. 

*t Cf. on this process Bliimel, C., Griechische Bildhauer- 
arbeit, Jahrbuch des deutsch. arch. Inst., Erganzungsheft, 
11: 30-32, Berlin, 1927; Piccirilli, in Encyclopaedia Britan- 
nica, 14th edit., 20: 220-221, London and New York, 1929; 
Sargent, J., Modelling and Sculpture in the Making, 35-38, 
pl. XI, N. Y., The Studio Publications, 1933. 

22 Zeus Tragodos, 33. 
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Zeus ... : But who is this breathless messenger? 
Bronze—a nice clean figure and outline—chevelure 
rather out of date. Ah, he must be your brother 
Hermes, who stands in the Market by the Poikile; 
I see he is all over pitch; that is what comes of having 
casts taken of you every day. My son, why this 
haste? Have you important news from Earth? 
Hermagoras (that is, the statue of Hermes in the 
Agora): Momentous news, calling for infinite energy. 
Zeus: Speak. tarry not, if any peril else hath escaped 
our vigilance. 


Hermagoras: It chanced of late that by the sculptors 
My breast and back were plastered 

o'er with pitch; 
A mock cuirass tight-fitting hung, to 


imitate 

My bronze, and take the seal of its 
impression, 

When lo, a crowd! . . 


We may infer from this passage that in Athens in 
the second century A.D. the casting of statues 
was much in vogue, that it was permissible to 
take such casts even in public places, that pitch 
was occasionally used for molding instead of 
plaster, and also, I think, that sometimes only 
parts of statues were cast—the body, for instance, 
without the head. The incidental character of 
the information, moreover, suggests a wide- 
spread practice. 

This direct copying by means of a cast and the 
pointing process was evidently used not only for 
the multiplication of the Greek idealistic figures 
which were so greatly admired by Roman pa- 
trons, but also for the new portrait statues of 
Romans. There are literally hundreds of ex- 
amples. Here we must confine ourselves to 
mentioning a few typical ones. 

We have already referred to the statue in the 
Louvre that bears the signature of Kleomenes, 
son of Kleomenes, of Athens (fig. 10). The 
features are those of a member of the Julio- 
Claudian family, but the body is a copy of a 
Greek fifth-century statue of Hermes preserved 
in several copies of the Roman period with its 
original type of head. The best known are two 
in the National Museum of the Terme in Rome 
(cf. fig. 19).4 

In the Capitoline Museum is a statue, the head 


*3 Translation by H. W. and F. G. Fowler, with slight 
changes. 

4 Nos. 124479 and 8624. Aurigemma, S., Le Terme di 
Diocleziano e Il Museo Nazionale Romano, 28, no. 58, and 
p. 91, no. 244, Itinerari dei Musei e Monumenti d’ Italia, no. 


78, Rome, Istituto poligrafico dello Stato, 1946; Helbig, 
op. cit., no. 1299. 
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of which is a portrait of the emperor Hadrian 
(fig. 12),2> whereas the body reproduces a well- 
known Greek fifth-century statue of Ares, pre- 
served with its idealistic type of head in the Ares 
Borghese in the Louvre * and in a statue found 
in recent years at Leptis (fig. 11).27. The same 
type of body appears in a group of a husband and 
wife in the National Museum of the Terme (fig. 
14) * with heads resembling those of the emperor 
Commodus and of his wife Crispina; the body of 
the woman is copied from a fourth-century ori- 
ginal which is preserved with its idealistic type 
of head in the famous Aphrodite of Capua in 
Naples (fig. 13).2° In a similar group in the 
Capitoline Museum (fig. 15),°° also of the second 
century A.D., the sculptor has added a tunic to 
cover the upper part of the woman’s body and a 
mantle for the shoulders of the man. 

In the Musée Alaoui in Tunis is a statue the 
head of which is a portrait of Hadrian (fig. 17),*! 
whereas the body was copied from a fifth-century 
Greek figure of Diomedes, preserved in several 
copies, of which the best are in the Glyptothek 
in Munich (fig. 16) * and in Naples.* 

The seated and standing figures in the Vatican 
and elsewhere with portrait heads of Nerva,* 
Claudius (cf. fig. 21), and Tiberius®* reproduce— 
with some variations—types that were com- 
monly used for Zeus (cf. fig. 20).87 Incidentally, 





*5 Stuart Jones, H., A Catalogue of the Ancient Sculptures 
in the Museo Capitolino, 284, no. 13, pl. 68, Oxford, Claren- 
don Press, 1912. 

*6 Frohner, W., Notice de la sculpture antique du Musée du 
Louvre, no. 866, Paris, Musées Nationaux, 1869; Catalogue 
sommaire, 50, no. 866, Paris, Musées Nationaux, 1922. 

27 Bartoccini, R., Le Terme di Lepcis (Leptis Magna), 
119, Africa Italiana, 4: Bergamo, Istituto italiano d’arti 
grafiche, 1929. 

28 No. 108522. Aurigemma, op. cit., 30, no. 69. 

29 Ruesch, A., Guida illustrata del Museo Nazionale di 
Napoli, no. 251, n.d. 

8° Stuart Jones, op. cit., 297, no. 34, pl. 73. 

3t Poinssot, M. L., in Musée Alaoui, 45, no. 932, pl. 
XXVI, Paris, E. Leroux, 1910; West, op. cit., 2: 120, pl. 
XXXIII, figure 124, 1941. 

®Furtwangler, A., Beschreibung der Glyptothek zu 
Miinchen (second edition revised by Wolters, P.), no. 304, 
Munich, A. Buchholz, 1910. 

33 Maiuri, A., Il Diomede di Cuma, in R. Istituto d’arche- 
ologia e storia dell’ arte, Opere d’arte, 2: 5-17, Rome, 
Istituto poligrafico dello stato, 1930. 

4 Helbig, op. cit., no. 297. 

3% Tbhid., no. 299. 

36 Thid., no. 90. 

37 Chamoux, Un sculpteur de Cyréne: Zénion, fils de 
Zénion, Bulletin de correspondance hellénique, 70: 67-77, 
1946; cf. also Reinach, Répertoire, 1: 186, pl. 398, and 2: 
7, nos. 1, 4; Richter, G. M. A., Greek and Roman bronzes, 








188 GISELA M. A. RICHTER 


these transformations are an eloquent commen- 
tary on the brazen character of the deification of 
Roman emperors. There was apparently no 
hesitation in representing even such a weakling 
as Claudius in the guise of the supreme god. 

An interesting case in this connection is a 
statue from Lepcis** of the well-known Apollo 
Lykeios type attributed to Praxiteles.** It was 
found in good condition but without its head, 
which, tojudge by the smooth oblique cut through 
the neck, had not broken off accidentally but 
was removed on purpose (fig. 22). Later in the 
excavations a head of Antinous, the favorite of 
the emperor Hadrian, came to light, and it fitted 
perfectly on Apollo’s neck (fig. 23). Probably 
this change was made on the occasion of Had- 
rian’s visit to North Africa (in A.D. 128?).*° 

In the National Museum in Naples is a statue 
from Pompeii which has a portrait head of the 
Younger Drusus (fig. 19) #4 and a body copied 
from a fifth-century Greek figure of an athlete, 
perhaps by Polykleitos, which survives with its 
idealistic type of head, for instance, in a bronze 
statuette in the Louvre (fig. 18) ,** and in a marble 
statue in the Vatican.** We may also compare 
a statue now in the Nicholson Museum in Syd- 
ney, Australia," which reproduces the same 
general type in a somewhat softened form ac- 
cording to the taste of the fourth century B.c. 
and with drapery arranged in a similar way as in 
Drusus’s portrait. 

A direct borrowing from Greek types may be 
observed also in the portrait statues of Roman 
women. Particular favorites were the types of 
the so-called Grande Herculanaise and Petite 
Herculanaise in Dresden, copies of Greek fourth- 
century statues (figs. 24, 28). These graceful 





recent acquisitions, Bulletin of the Metropolitan Museum 
of Art, 19: 71, figure 5, 1924. 

88 Bartoccini, op. cit.,,115-119, figure 112-116. 

39 Cf. Rizzo, G. E., Prassitele, 79-85, pls. CXIX- 
CXXIII, Milan and Rome, Fratelli Treves, 1932. 

© Cf. von Rohden, P., in Pauly-Wissowa, Real Encyclo- 
pddie, 1: s.v. P. Aelius Hadrianus, cols. 508-509, Stuttgart, 
J. B. Metzler, 1894. 

‘t Ruesch, op. cit., no. 971. 

* Furtwangler, A., Masterpieces of Greek Sculptures, p. 
278, pl. XIII, edited by Eugénie Sellers, London, W. 
Heinemann, 1895. 

% Thid., 281-282, fig. 120; Helbig, op. cit., no. 184. The 
head, though of the right type, may not belong to this 
particular statue (Amelung). 

“ Trendall, A. D., Handbook to the Nicholson Museum, 
second edition: 3-4, frontispiece, University of Sydney, 
1948. 

% Cf. Lippold, op. cit., pp. 212-213; Johnson, F. P., 
Lysippos, 154-163, Durham, N. C., Univ. Press, 1927. 
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figures evidently had great appeal, for we meet 
them again and again through the Roman cen- 
turies. We can mention only a few instances. 
The Grande Herculanatse type, appropriate for 
dignified empresses, was borrowed for Faustina 
the Elder, wife of Antoninus Pius (A.D. 138-161), 
in a statue from North Africa, now in the Louvre 
(fig. 25),*® and in one from the exedra of Herodes 
Atticus in Olympia.*7 Another statue, now in 
the Ny Carlsberg Glyptotek in Copenhagen, 
shows a charming young Roman lady in that 
guise (fig. 27).48 Three headless statues of the 
same type from Olympia doubtless also served 
as portrait statues (cf. fig. 26).*9 

The Petite Herculanaise type was especially 
popular with younger women. A young girl 
belonging to a distinguished family of Hercu- 
laneum, perhaps a daughter of Marcus Nonius 
Balbus, is represented with the body of the 
Petite Herculanaise in a statue in Naples, of the 
first century A.D. (fig. 29).5° Another figure of 
the same type was found in the stoa of Herodes 
Atticus at Olympia and so may be dated in the 
second century A.D. (fig. 30).°! Still another 
statue of this type, recently discovered at Sal- 
oniki, has a portrait head of the late Imperial 
period, probably of the late third or the early 
fourth century A.D. (fig. 31).*2 These figures, 
incidentally, indicate over how long a period the 
same Greek type was mechanically copied 
throughout the Roman empire—in this case for 
three or four centuries. 

A related composition, derived from a Greek 
work of the Hellenistic period and originally in- 
tended for Demeter, was also exceedingly popu- 
lar with Roman ladies, and small wonder, for it 
has great attraction, combining a simple grace 
with an imposing dignity. One in the Musée 
Alaoui in Tunis has a rather idealized head.* 
Two portrait statues with this type of body are 
in Copenhagen. One, designated as a mother- 
in-law in the dedicatory inscription, is of the 
Trajanic period (fig. 32),>* the other is probably 


4% Catalogue sommaire des marbres antiques, 64, no. 1130, 
pl. XLVI, Paris, Musées nationaux, 1922. 

47 Treu, op. cit., 273, pl. LXVII, 1. 

‘8 Poulsen, F., Katalog over antike Skulpturer, Ny Carls- 
berg Glyptotek, no. 552, Copenhagen, 1940. 

’? Treu, op. cit., 274, pl. LX VII, 2-4. 

50 Ruesch, op. cit., no. 22. 

5t Treu, op. cit., p. 274, pl. LXVIII, 1. 

82 Pélékanidis, S., Bulletin de correspondance hellénique, 
73: pp. 294-305, pl. XII, 1949. 

58 Poinssot, op. cit., 50, no. 969, pl. XXIX, 3. 

5 Poulsen, F., op. cit., no. 552. 
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Antonine, that is, after.A. D. 138(fig. 33). Two 
examples have come to light in Ostia. One has 
a portrait head of Sabina (fig. 34),5* the wife of 
Hadrian (A.D. 117-138), the other of Julia 
Domna (fig. 35),°” the gracious wife of Septimius 
Severus (A.D. 193-211). 

A famous Greek original, that must have been 
created by a Greek sculptor in the late fifth cen- 
tury B.C., is preserved in a number of copies, the 
best known being in the Louvre (fig. 38).°8 It 
represents Aphrodite in a diaphanous tunic, with 
one breast bare and with a mantle hanging at 
the back. The same Greek original is copied on 
Roman coins of Sabina and other empresses, with 
the inscription Veneri Genetrici, but there the 
drapery is slightly modified, the chiton being 
pulled up to cover the left breast (figs. 36, 37).°° 
The type became a favorite one for Roman 
portrait statues, generally with the chiton either 
pulled up to cover the bare breast, as in the 
statue of Sabina from Ostia (fig. 39),®° or with a 
second chiton added, as in a statue from Pom- 
peii, now in Naples (fig. 40). A headless statue 
in Boston (fig. 42)® is generally referred to as 
Aphrodite, but we may guess that it was really a 
portrait statue of a Roman lady, since the left 
breast is covered. There would have been no 
reason to make such a change for Aphrodite. 
The same applies to the replica in Toronto, 
where the chiton covers the breast (fig. 41).% 
On the other hand, the headless statues in Rome* 
and New York (fig. 43)® with uncovered breast 
may well have represented Aphrodite. 


5 Tbid., no. 552a. 

5 Bieber, M., Entwicklungsgeschichte der griechischen 
Tracht, 61, pl. 50, no. 2, Berlin, Gebr. Mann, 1934; Calza, 
R., Museo Ostiense, no. 25, Itinerari dei Musei e Monu- 
menti d'Italia, no. 79, Roma, La Libreria dello Stato, 
1947; West, op. cit., 2: 124, pl. XX XIII. 

57 Calza, op. cit., no. 21. 

58 Charbonneaux, J., La Sculpture grecque classique, 
40-41, pl. 18, Lausanne, La Guilde du Livre, n.d. 

59 Cf., e.g., Mattingly, H., Coins of the Roman Empire in 
the British Museum, pl. 65, nos. 19, 20, pl. 99, nos. 4, 14, 
London, 1936. I owe the casts reproduced in figures 36 
and 37 to the kindness of Mr. E. S. G. Robinson. 

6° Calza, op. cit., no. 24. 

5 Ruesch, op. cit., no. 120. 

® Caskey,.L. D., A statue of Aphrodite, Bull. Museum 
of Fine Arts, Boston, 28: 82-89, 1930. 

* Harcum, C. G., A statue of the type called the Venus 
Genetrix in the Royal Ontario Museum, A mer. Jour. Arch. 
31: 141-152, pl. VII, 1927. 

Stuart Jones, H., The Sculptures of the Palazzo dei 
Conservatori, p. 164, pl. 55, no. 17, Oxford, Clarendon Press, 
1926. 

® Richter, G. M. A., An important classical loan, Bull. 
Metropolitan Museum of Art, 16: 20, 1921; 28: 33, 1933. 
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That not all Roman ladies were so respectable 
or prudish as to want to appear completely 
draped in their portrait statues is shown by the 
fact that some were not afraid to be represented 
entirely nude. Thus, the famous Greek type of 
the Aphrodite of the Capitol (fig. 44),® of which 
a fine replica was recently found in North Africa 
(fig. 45),67 was used as a portrait statue for a 
lady, of the late Flavian or early Trajanic period, 
in the Ny Carlsberg Glyptotek in Copenhagen 
(fig. 46); ®* and again in a statue in Naples for 
the portrait of perhaps Marciana, sister of 
Trajan, or of Matidia, her daughter (fig. 47).* 
The somewhat troubled features of these demure 
ladies contrast strangely with the nude body of 
Aphrodite. 

We have selected a few representative ex- 
amples from a vast store. Let us now make our 
deductions. Does it not seem obvious that these 
portrait statues in which Greek figures were re- 
produced must have been made by the same 
sculptors who made the other copies of Greek 
statues? Surely we cannot suppose that one 
man made the body taken from a Greek original, 
another the realistic head, often carved in one 
block with the figure. But if the same men made 
the statues with idealistic heads and the portrait 
statues that have bodies derived from Greek 
types, they must have been Greeks. For it has 
become abundantly clear through recent studies 
that the artists who copied Greek statues during 
the Roman period were Greeks. It is only they 
who had a long tradition of marble carving’ 
(an important point to which my attention was 
called by Mr. Leicester B. Holland), it is they 
who were extolled by Virgil, they who we know 
from literary evidence came to Italy to work for 
Roman patrons, and above all it is they who have 
left us the indisputable evidence of their signa- 
tures. Though, as in the case of the portraits, 
these are not very numerous, nevertheless a fair 


% Helbig, op. cit., no. 803. 

87 Bartoccini, op. cit., 104-107, figures 98-100. 

68 Poulsen, op. cit., no. 541. 

6° Ruesch, op. cit., no. 1030. 

70 Of course many of the Roman portrait statues were of 
bronze and are now lost, and Etruscans certainly had a long 
experience in bronze work. The relatively few bronze 
portraits, however, which have survived are so similar in 
style to the marble ones that we cannot but suppose that 
they were made by the same sculptors. Besides, Etruscan 
artists were at rather a low ebb from the first century 


B.C. on—the period we are here concerned with (see note 
83). 
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number are now known.”! 
Greeks, signed in Greek. 
And naturally, if the Roman portraits that 
have bodies of Greek statues were made by 
Greeks, inevitably we must go further and assign 
to these Greek sculptors also the Roman por- 
trait busts. If Greeks were able to represent 
Roman individuals so competently, so realisti- 
cally, with such characteristically Roman physi- 
ognomies, there is no reason to suppose that they 
were not responsible for the whole art of Roman 
portraiture. And again the few extant signa- 
tures on Roman busts and reliefs are all Greek.” 


And all are by 


(b) THE RELIEFS ON THE CUIRASSES 


As a final argument for my claim, I want to 
mention the reliefs that often decorate the 
cuirasses of Roman generals.” In these reliefs 
a relatively small number of subjects are repre- 
sented and they occur again and again with 
slight variations. The chief are Nikes, in short 
or long tunics, with or without wings, decorating 
palladia or trophies (cf. figs. 48-50); Nikes 
sacrificing bulls (cf. fig. 54); Nereids riding sea 
horses (cf. fig. 53); two griffins confronting each 
other (cf. fig. 52); Centaurs (cf. fig. 55), and 
chariots with prancing horses (cf. fig. 51). 
Every one of these motives can be traced back to 
a known Greek prototype which moreover also 
occurs on other reliefs of the Roman period. 
The reliefs on the cuirasses are in fact in the same 
category as the so-called Neo-Attic reliefs that 
were derived from earlier Greek creations and 
skillfully adapted to various uses. Let us take a 
few examples. The figures with short tunics 
decorating trophies, that we find, for instance, 
on a statue of Trajan (?) in Naples (fig. 49) ™ 





In my forthcoming Three critical periods (see note 2) 
I have added several recently discovered signatures to 
those collected by Loewy, op. cit. 

7 Cf. the Trajanic or Hadrianic busts in the Capitoline 
Museum signed by Zenas, son of Alexandros, and by Zenas 
(son of Zenas?) and the relief of Antinoos signed by Anto- 
nianos of Aphrodisias, discussed in my Three critical 
periods. 

73Qn these cuirasses cf. Wroth, W., Imperial cuirass- 
ornamentation, Jour. Hellenic Studies, 7: 126-142 1886; 
von Rohden, H., Die Panzerstatuen mit Reliefverzierung, 
Bonner Studien R. Kekulé gewidmet, 1-20, Leipzig, W. 
Spemann, 1893; Hekler, A., Beitrige zur Geschichte der 
antiken Panzerstatuen, Jahreshefte des Osterreichischen 
Archdologischen Institutes in Wien, 19-20: 190-241, 1919. 

™ Ruesch, op. cit., no. 1025. According to Ruesch, the 
upper part of the head from below the nose is restored; 
according to Hekler, op. cit., 234, the whole head is alien, 
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and on a torso in Boston (fig. 48),”° are copies 
from the Laconian dancers created in the late 
fifth century B.c., perhaps by Kallimachos.7 
They were exceedingly popular in Roman times 
and occur on marble reliefs (cf. fig. 56), terra- 
cotta mural reliefs (cf. fig. 57), on engraved gems, 
and in Arretine ware (cf. fig. 58).77. The Nikes 
sacrificing bulls that we find for instance on the 
breastplate of a torso in Naples (fig. 54),7* were 
also derived from Greek originals and were re- 
produced again and again on Roman products, 
especially on terracotta mural reliefs (cf. figs. 
60, 61).7° The same is true of the Nereids on 
sea monsters (cf. figs. 53, 59), of the Nikes dec- 
orating palladia (cf. fig. 50) and of the various 
other motives. Particularly interesting is the 
group of a Lapith and a fallen Centaur which 
eccurs on several Roman breastplates in Tenos 
and also on a Roman relief**°—all evidently 
derived from a Greek fifth-century composition. 

On the relatively few cuirasses in which 
Roman historical subjects are depicted, the 
artist intermingles them with familiar Greek 
motives. So, on the cuirass of the Augustus 
from Prima Porta (fig. 51)*! we see Roman 
soldiers with defeated Parthians below, and 
above, a chariot with prancing horses of the 
familiar Greek type. The sculptor does this as 
unconcernedly as in the funerary altar in the 
Terme Museum (figs. 62—64),** where in the front 
panel a Roman man and woman are represented 
clasping hands in the familiar dextrarum junctio 
ceremony, on the sides are Roman Camilli 
ministering to the sacrifice, and at the back two 
ecstatic Greek Maenads. 


Mr. de Franciscis, whom I consulted, is inclined to be of 
Hekler’s opinion. 

% Caskey, L. D., Catalogue of Greek and Roman sculpture, 
Museum of Fine Arts, Boston, no. 122, Cambridge, 
Harvard Univ. Press, 1925. 

7% Rizzo, G. E., Thiasos, Bassorilievi greci di soggeto 
dionisiaco, 43-50, Rome, Scuola tipografica Pio X, 1934. 

77 Rizzo, loc. cit.; von Rohden, H., Die architektonischen 
rémischen Tonreliefs der Kaiserzeit, 10-12, pl. XVIII, 
Berlin and Stuttgart, W. Spemann, 1911 (Kekule von 
Stradonitz, R., Die Antiken Terracotten, 4); Alexander, C., 
Arretine Pottery, Corpus Vasorum antiquorum, U. S. A., 
fasc. 9, The Metropolitan Museum of Art, New York, 
fasc. 1, pp. 15-16, Cambridge, Harvard Univ. Press, 1943. 

78 Ruesch, op. cit., no. 592. 

79 Cf. von Rohden, op. cit., 82-88; Walters, H. B., 
Catalogue of terracottas in the British Museum, D569-579, 
London, 1903. 

80 Hekler, op. cit., 204-206, figures 130-134. 

5! Helbig, op. cit., no. 5. 

8 No. 124514. Aurigemma, op. cit., 81, no. 212. 
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From this evidence we may surmise that the 
artists who made the reliefs on the cuirasses of 
Roman portrait statues were the same as those 
who made the so-called Neo-Attic reliefs; and 
these Neo-Attic artists we know were Greeks, 
for they have left us their signatures—Pontios, 
Sosibios, Salpion, and so on. 


CONCLUSION 


The Roman portrait statues, therefore, 
through their signatures, the Greek types of their 
figures, and the skillful adaptations of Greek 
motives on their cuirasses, present valuable evi- 
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dence that Roman portraits were made by 
Greeks and form the concluding chapter of a 
long Greek tradition.** The Romans, however, 


by their extensive patronage and their different 
concepts initiated a new era in this tradition. 
And so, since art is conditioned not only by the 
nationality of its makers but by the requirements 
of its patrons, Roman portraits, like the Roman 
historical reliefs, may be called true representa- 
tives of Roman art. 


88 For a discussion of the part Etruscan artists may have 
played in this output and of the much discussed influence 
of Roman wax death masks, cf. my forthcoming Three 
critical periods. 
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Fic. 1. Roman Portrait Statue, signed by Ze- Fic. 2. The Emperor Claudius, signed by 

non, son of Attinas, of Aphrodisias (the Philathenaios and Hegias of Athens; from 
head is alien). National Museum of the Olympia Museum. Treu, Olympia, 3: pl 

Terme, Rome. Phot. Chauffourier. om, '% 

5 

j 

4 
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Fic. 3. Roman Portrait Statue, signed by Fic. 4. Roman Portrait Statue, signed by Herak- 


Ophelion, son of Aristonidas (the head is leides, son of Agauos, of Ephesos, and 
alien). Louvre, Paris. West, Rémische Harmatios (the head is alien). Louvre, 
Portrat Plastik, 1: pl. XXII, no. 87. Paris. Phot. Claude Anger. 
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Fic. 5. The Younger Agrippina, signed 


by Dionysios, son of Apollonios, of 
Athens; from Olympia. Olympia 
Museum. Treu, Olympia, 3: pl. 
LXIII, 2. 





Fic. 7. Support of a Portrait Statue, 


signed by Xenon, son of Xenon, and 
Sogenes, son of Sokrates, of Paros. 
Archaeological Museum, Modena. 
Rubensohn, Jahrbuch, 50: 55, fig. 
5, 1935. 
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Fic. 6. Roman Portrait Statue, signed 
by Sosikles, son of Sosikles, of 
Athens; from Butrinto, Albania. 
Ugolini, Rendiconti della Pontificia 
Accademia Romana di Archeologia, 
11: 92, fig. 15, 1935. 











50: a 


Be a ; 
Fic. 8. C. Ofellius, signed by Dionysios 


and Timarchides of Athens; from 
Delos. Delos Museum. Homolle, 
Bulletin de correspondance hellé- 
nique, 5: pl. 12, 1881. 
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Fic. 36. Aphrodite on a coin of the 


Empress Sabina, inscribed ‘‘to Ve- 
nus Genetrix.” British Museum, 
London. From a cast. Phot. E. 
Milla. 


Fic. 37. Aphrodite on a coin of the 


Empress Sabina, inscribed ‘‘to Ve- 
nus Genetrix.” British Museum, 
London. From a cast. Phot. E. 
Milla. 


Fic. 38. Aphordite, probably from Italy. Louvre, Fic. 39. The Empress Sabina, from Ostia. Ostia 


Paris. Charbonneaux, La Sculpture classique, 
fig. 18. 


Museum. Phot. Ostia Museum. 
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48. Part of a Portrait Statue of a Roman Emperor in Armor, Fic. 49. Cuirass of a Statue of Trajan (?), said to be from 
probably from Italy. Museum of Fine Arts, Boston. Phot. Boston Minturno. National Museum, Naples. Phot. Brogi. 
Museum. 


Fic. 50. Part of a Portrait Statue of a Roman in Armor, from the Fic. 51. The Cuirass of the Statue of Augustus from Prima Porta, 


Agora, Athens. Agora Museum, Athens. Phot. Agora Museum. near Rome. Vatican, Rome. Charbonneaux, L’Art au_ siécle 
d’Auguste, fig. 71. 








Fic. 


Fic. 
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52. Marcus Olconius Rufus, from Pompeii. Fic. 53. The Emperor Titus from 
National Museum, Naples. Phot. Naples Mu- Olympia. Olympia Museum, 
seum. Treu, Olympia, 3: pl. LX, 2. 


54. Part of a Portrait Statue in Armor. Fic. 55. Part of a Portrait Statue of a Roman 


National Museum, Naples. Phot. in Armor. Archaeological Museum, Seville, 
Naples Museum. Memorias de los Museos Arqueldgicos 


provinciales, 7: pl. xxxvi, 1, 1946. 
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PUBLICATIONS 


OF 


The American Philosophical Society 


The publications of the American Philosophical Society consist of PROoCEED- 
INGS, TRANSACTIONS, MeEmorrs, and YEAR Book. 


THE PROCEEDINGS contains papers which have been read before the Society 
in addition to other papers which have been accepted for publication by the 
Committee on Publications. In accordance with the present policy one vol- 


ume is issued each year, consisting of six bimonthly numbers, and the price 
is $5.00 net per volume. 


THE TRANSACTIONS, the oldest scholarly journal in America, was started 
in 1769 and is quarto size. In accordance with the present policy each an- 
nual volume is a collection of four monographs each issued as a part. The 


annual subscription price is $6.00 net per volume; for both the PRocEEDINGS 
and the TRANSACTIONS $10.00. 


Each volume of the Memorrs is published as a book. The titles cover 
the various fields of learning, the recent volumes being largely historical. The 
price of each volume is determined by its size and character. 


The YEAR Boox is of considerable interest to scholars because of the re- 
ports on grants for research and to libraries for this reason and because of the 
section dealing with the acquisitions of the Library. In addition it contains 
the Charter and Laws, and lists of present and former members, and reports 
of committees and meetings. The YEAR Boox is published about April 1 for 
the preceding calendar year. The price is $1.50. 


A catalogue of the contents of the publications may be had 
by addressing the 


AMERICAN PHILOSOPHICAL SOCIETY 
INDEPENDENCE SQUARE 


PHILADELPHIA 6, PA. 





Recent Publications of the Society 


PROCEEDINGS: (The following are symposia.) 


The Early History of Science and Learning in America. Vol. 86, no. 1, 204 pp., 25 fig., 
1942; Vol. 87, no. 1, 119 pp., 55 fig., 1943. $1.25 each. 


Research Frontiers of Human Relations. Vol. 92, no. 5, 86 pp., 2 fig., 1948. $1.00. 
Natural Selection and Adaptation. Vol. 93, no. 6, 61 pp., 3 figs., 1949. $.75. 


The Theory of Relativity in Contemporary Science. Vol. 93, no. 7, 28 pp., 1 fig., 1949. 
$.50. 


Problems of Development of Densely Settled Areas and Scientific Possibilities for In- 
creasing the World’s Food Supply. Vol. 95, no. 1,91 pp., 11 figs., 1 map, 1951. $1.00. 
TRANSACTIONS: 


Artists in the Life of Charleston. Restoration to Reconstruction, by ANNA WELLS 


RUTLEDGE. Vol. 39, pt. 2, 160 pp., 47 figs., 1949. $2.50; with illustrated cover 
$3.00 


The Pottery of Marajé Island, Brazil, by HELEN C. PALMATARY. Vol. 39, pt. 3, 210 pp., 
112 pls., 4 figs., 2 maps, 1950. $3.00. 


Geology of the Coastal Plain of North Carolina, by Horace G. RIcHARDs. Vol. 40, pt. 
1, 83 pp., 76 figs., 1950. $1.50. 


Life of Julius Caesar Scaliger (1484-1558), by VERNON HALL, JR. Vol. 40, pt. 2, 86 pp., 
2 figs., 1950. $1.50 


A Revision of Fossil Sequoia and Taxodium in Western North America Based on the 
Recent Discovery of Metasequoia, by RALPH W. CHANEY, Vol. 40, pt. 3, 93 pp., 
12 pls., 1951. $1.50. 


The Nalardyadavadanticarita (Adventures of King Nala and Davadanti), by ErRNEsT 
BENDER. Vol. 40, pt. 4, 108 pp., 1951. $2.00. 


The Ancient Khmer Empire, by LAWRENCE PALMER BricGs. Vol. 41, pt. 1, 295 pp., 
80 figs., 17 maps, 1951. $5.00 paper-bound; $6.00 cloth-bound. 
MEMOIRS: 


Letters and Papers of Benjamin Franklin and Richard Jackson, 1753-1785, edited by 
Carl Van Doren. Vol. 24, 222 pp., 12 figs., 1947. $3.50. 


Autobiography of Benjamin Rush, edited by George W. Corner. Vol. 25, 399 pp., 13 
figs., 1948. $6.00. 


Benjamin Franklin and Catharine Ray Greene—Their Correspondence, 1755-1790, 
edited by WILLIAM G. ROELKER. Vol. 26, 147 pp., 10 figs., 1949. $3.00. 


The Letters of Benjamin Franklin & Jane Mecom, edited by CARL VAN DoreEN. Vol. 27, 
380 pp., 8 pls., 1950. $5.00. 


William Shippen, Jr., Pioneer in American Medical Education, by Betsy CoppinG 
CorNER. Vol. 28, 161 pp., 9 pls., 1951. $2.75. 


West Roman Vulgar Law, by Ernst Levy. Vol. 29, 305 pp., 1951. $5.00. 


Letters of Benjamin Rush, edited by L. H. BuTTERFIELD. Vol. 30. In press. 
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